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MAY 1941 
OLIVER WENDELL HOLMES 
A PRECURSOR OF FREUD* 
C. P. OBeRNDORF 
oF SLIVER WENDELL HOLMES was one of the favored few who 





are born into a setting of maximum privilege and oppor- 
tunity. On both sides his parents were connected with 
the most influential families of that select group of 
& a) Cambridge and Boston to which he later gave the name 
of Brahmins. His education was carefully guided into the best channels 
from the time he entered elementary school until he had completed the 
envied postgraduation medical studies in Europe under the famous mas- 
ters of Paris. Holmes was one of the fortunate few who are capable of 
making the most of the rare advantages offered to them. 

In 1871 Holmes, just turning sixty, had reached a position of dis- 
tinction never attained by any other American physician or perhaps 
by any physician. In erudite Cambridge, regarded as the fountainhead 
of American literature and learning, he had become an arbiter whose 
word of praise sometimes decided the destiny of young authors who 
flocked to this seat of culture. In this literary center, the “Laughing 
Doctor,” as Holmes was called, had become something more than an 
arbiter—a liberal, generous and beloved autocrat. 


*Given January 7, 1941 at the combined meeting of The New York Neurological Society and the 
Section of Neurology and Psychiatry of The New York Academy of Medicine. 
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At this time Holmes also was rounding out a distinguished career 
as a physician which had included a long service as dean of the faculty 
of medicine at Harvard. His lectures had become renowned because of 
his learning, wit, wisdom and progressiveness. Much earlier, in 1843, 
his fame was already secure. Almost at the outset of his career he made 
a contribution to science which would have assured him a permanent 
place among the pioneers of medicine had his life-work ended then, 
namely, his essay “On the Contagiousness of Puerperal Fever.”? 

The demonstration of the contagious nature of puerperal fever is 
shared by Holmes and Semmelweis of Austria. The latter has been 
hailed throughout Europe for this revolutionary discovery, although he 
published his observations four years after Holmes. Holmes was com- 
pelled to face strong opposition to the new theory from reactionary 
New England colleagues but did not have to meet the bitter antagonism 
and suffering which Semmelweis endured in Vienna. Persecution lent 
to Semmelweis “the aura of a martyr.” On the other hand, in the career 
of Holmes, the observations concerning puerperal fever assumed the 
place of an episode in a succession of significant activities. The simple 
normalcy of the genius of Holmes needed no martyrdom or eccentricity 
for its emphasis and he affected none. 

With the theory of puerperal fever established, Holmes threw him- 
self into the investigation and examination of the great mass of knowl- 
edge which physics and chemistry were beginning to deliver into the 
hand of medicine. To much of this he added clarifying comment, ori- 
ginal amplification and the weight of his authority, as in the founding 
of the Harvard Dental School. It is rarely recalled that, writing to 
William T. G. Morton on November 21, 1846 concerning the intro- 
duction of sulphurous ether, under the name of Letheon, to produce 
temporary loss of consciousness, he says, “All I will do is to give you a 
hint or two as to names—or the name to be applied—anesthesia.”* Here, 
as was so often the case with Holmes’ apt and pithy expression, the 
name anesthesia attained universal adoption. 

The period in which Holmes (1809-1894) lived and worked saw 
tremendous change in medical theories and attitudes. Science was zig- 
zagging forward. But it was also a period when an opposite tendency 
pervaded New England thought, not sporadically but as a general and 
sustained movement. The self-frustration and rigid repression long en- 
forced by Calvinistically inclined clergy no longer found a compen- 
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satory outlet in the physical struggle for the conquest of resistive New 
England fields and mountainside. As an escape from emotional suppres- 
sion many an individual and thwarted group in isolated New England 
villages were turning to mysticism, a serene substitute for an earlier 
hysterical reaction, “witchcraft,” which had a century previously swept 
the countryside. 

The semi-scientific discoveries of Mesmer had reached the American 
shore and were beginning to be incorporated with mystical ruminations 
in ingenious ways. Thus, this era of scientific advance supported odd 
cults, most of which in one way or another weakened the severe ec- 
clesiastical structure and attempted to cure some of the conversion 
symptoms for which social and incidental repression could be held 
responsible. Phineas Quimby in bleak Maine and the mystics, Andrew 
Jackson Davis and Thomas Lake Harris, combining the power of sug- 
gestion with the faith of prayer, performed startling cures in New 
England and New York. At this time, too, Mary Baker Eddy boasted 
that her poems were printed “side by side with those of Whittier, 
Holmes and Phoebe Carey and are preserved in the files of the Lynn 
(Massachusetts) papers.”* She later succeeded in shrewdly merging con- 
flicting tendencies in an illusive paradox under the system she called 
Christian Science. 

Holmes, for all his preferential social background and academic 
training, could not escape during childhood in his home and in his 
subsequent contacts the impact of repressive environmental influences. 
Holmes’ father was a Calvinist minister; paradoxically, from all account, 
a rather genial Calvinist, but he firmly believed in predestination and 
preordination. Holmes attempted to escape from these concepts into 
science and scholarship, but they also created in him a bitter antipathy 
and lifelong rebellion against the crippling effects of damnation theology. 
The drive to counteract and correct such an irremediable philosophy 
appears time and again in his essays and in his three novels, which a 
critic, much to Holmes’ annoyance, scoffingly called “medicated novels.” 

Holmes was first, last and forever the physician, with his thinking 
dominated by his medical training and his daily experiences. He was 
also a theological reformer, a philosopher, and, as we shall see, accord- 
ing to our present concept of this specialty, a psychiatrist. In this field 
his theories and approach are those of psychoanalysis and antedated 
Freud in many striking and important particulars. 
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Freud is reported to have replied to a Prussian official, who greeted 
him as the discoverer of the unconscious, with the words: “The poets 
and philosophers before me have discovered the unconscious; I have 
discovered the scientific method with which the unconscious can be 
studied.’”* 

Holmes cannot be regarded as an inspired poet. His poetry seems 
to have followed a conventional manner of expression, then popular. 
It is the philosophic quality of Holmes’ mind which led him to the 
discovery of many postulates which Freud, nearly a quarter of a century 
later, offered to a ridiculing academic group in Vienna in the very 
university where Semmelweis met similar discouraging rebuff. Holmes’ 
precocious psychological pronouncements and likewise his unremitting 
fight for liberality and generosity in the estimation of mental aberration 
encountered relatively mild opposition in a milieu where the abolitionists 
had so long been battling for the physical freedom of all men. It is 
likely that into their zeal for the liberation of the negro, the abolition- 
ists may have displaced and vicariously invested much of the energy 
unconsciously aimed at self-liberation from their own captivities. Less 
personal sacrifice was required to fight for the freedom of the distant 
blacks than to attempt to disturb their own immediate imprisoned selves. 

The year 1871 has been mentioned because it was the one in which 
Holmes delivered before the Phi Beta Kappa Society of Harvard an 
address entitled, “Mechanism in Thought and Morals.” It was carefully 
revised, expanded and annotated before it was printed in “Pages from 
an Old Volume of Life.’ So far as I can determine it has lain there 
unnoticed. I find no reference to it in accounts of Holmes’ contributions 
to medicine. However, Van Wyck Brooks in “The Flowering of New 
England, 1815-1865,”* an absorbing study of that brilliant period of 
American cultural development, states that the essay of Holmes “was 
a brilliant anticipation of Dr. Freud.” He also writes, “Dr. Holmes, 
perhaps unwittingly, had played into the hands of Dr. Darwin. He had 
played into the hands of Dr. Freud, and he had played into the hands of 
another doctor of whom he had never heard, Dr. Marx.” 

The cornerstone of Freud’s theory is the importance and the in- 
fluence of unconscious mentation and of repression, a force, as we have 
seen, not entirely unknown in New England. Freud has insisted upon 
the distinction between unconscious and subconscious to the extent 
that it appeared as though the term unconscious were originated by 
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him.* In most of the writings of predecessors and contemporaries the 
term subconscious had been regularly used to indicate mental operations 
which occurred below the level of consciousness. Other important pil- 
lars in the structure of psychoanalysis are the free association of ideas, 
the role of the censor, emphasis on the content of dream life and its 
import as a revelation of unconscious mentation, and in the first work 
of Breuer and Freud,* the existence of several personalities in the same 
individual. 

Upon all these questions Holmes has much to say in the “Mechanism 
of Thought and Morals,” and says it clearly, forcefully and unequiv- 
ocally. The object of his thesis is never in doubt, namely, that such a 
thing as absolute freedom of the will cannot exist because of unconscious 
processes which are continually affecting the individual’s conscious ac- 
tivity. Were it for this reason alone Holmes affirms we must regard 
many deviations in conduct with charity and understanding. I quote: 
“Do we ever think without knowing that we are thinking? The question 
may be disguised so as to look a little less paradoxical. Are there any 
mental processes of which we are unconscious at the time, but which 
we recognize as having taken place by finding certain results in our 
minds?” 

It is worth while to note that Holmes, without accenting it, uses 
the word unconscious in the sense which many psychoanalysts, includ- 
ing myself, thought had been originated by Freud. That the concept 
of the unconscious is not accidental may be proven by an additional 
citation from Holmes. “Unconscious activity is the rule with the actions 
most important to life. The lout who lies stretched on the tavern-bench, 
with just mental activity enough to keep his pipe from going out, is the 
unconscious tenant of a laboratory where such combinations are being 
constantly made as never Wohler or Berthelot could put together; 
where such fabrics are woven, such problems of mechanism solved, such 
a commerce carried on with the elements and forces of the outer uni- 
verse, that the industries of all the factories are mere indolence and 
awkwardness and unproductiveness compared to the miraculous acti- 
vities of which his lazy bulk is the unheeding centre.” 

Holmes not only appreciated the constant and restless activity of 
the unconscious but also that from the unconscious come those urgent 
drives which thrust aside the more deliberate thoughts and planning, 


. rsvp * . . . . . . 
W illiam James? mentions the term “unconscious cerebration’’ but decides that “unconscious” is 
better replaced” by the vaguer term “subconscious” or ‘‘sublimal.” 
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those affect-laden urges that lend conviction and power to expressed 
thought. For example: “And so the orator,—I do not mean the poor 
slave of a manuscript, who takes his thought chilled from its mould, but 
the impassioned speaker who pours it forth as it flows coruscating from 
the furnace,—the orator only becomes our master at the moment when 
he himself is taken possession of, by a sudden rush of fresh inspiration. 
How well we know the flash of the eye, the thrill of the voice, which are 
the signature and symbol of nascent thought,—thought just emerging 
into consciousness, in which condition, as is the case with the chemist’s 
elements, it has a combining force at other times wholly unknown!” 

The mechanism of the association of ideas, a postulate of psychoana- 
lysis and the one upon which therapeutic psychoanalysis is fundamen- 
tally based, did not escape Holmes. In this connection I shall quote 
paragraphs scattered throughout the Phi Beta Kappa essay but here 
gathered into a sequence to give emphasis to the understanding which 
Holmes possessed of the mechanism of thought-operation and thought- 
flow.® 

“We wish to remember something in the course of conversation. No 
effort of the will can reach it; but we say, ‘Wait a minute, and it will 
come to me’, and go on talking. Presently, perhaps some minutes later, 
the idea we are in search of comes all at once into the mind, delivered 
like a prepaid bundle, laid at the door of consciousness like a foundling 
in a basket. How it came there we know not. The mind must have been 
at work groping and feeling for it in the dark; it cannot have come of 
itself. Yet, all the while, our consciousness, so far as we are conscious of 
our consciousness, was busy with other thoughts.” 

This idea of unconscious associative thought-functioning is expressed 
more concisely as follows: “The more we examine the mechanism of 
thought, the more we shall see that the automatic, unconscious action 
of the mind enters largely into all its processes. Our definite ideas are 
stepping-stones; how we get from one to the other, we do not know; 
something carries us; we do not take the step.” 

But quite in harmony with his philosophy of insisting that society 
take into account unconscious factors in evaluating human conduct and 
at the same time holding that this does not exempt the individual from 
definite, undeniable responsibility for his acts, he adds: “The flow of 
thought is, like breathing, essentially mechanical and necessary, but in- 
cidentally capable of being modified to a greater or less extent by con- 
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scious effort. Our natural instincts and tastes have a basis which can no 
more be reached by the will than the sense of light and darkness, or that 
of heat and cold.” 

To show the scope with which Holmes has covered psychoanalytic 
mechanisms we find the following excerpts in regard to dreams—the 
first hints at wish-fulfillment: “We not rarely find our personality 
doubled in our dreams, and do battle with ourselves, unconscious that 
we are our own antagonists. Dr. Johnson dreamed that he had a contest 
of wit with an opponent, and got the worst of it: of course, he furnished 
the wit for both. Tartini heard the Devil play a wonderful sonata, and 
set it down on awaking. Who was the Devil but Tartini himself? I re- 
member, in my youth, reading verses in a dream, written as I thought, 
by a rival fledgling of the Muse. They were so far beyond my powers, 
that I despaired of equalling them; yet I must have made them uncon- 
sciously as I read them.” 

In a second comment on dreams Holmes indicated that in dream-life 
problems are solved and that we may unconsciously act in obedience to 
these solutions in waking life—a theory advanced by one of the early 
analysts, Alphonse Maeder. “The cases are numerous where questions 
have been answered, or problems solved, in dreams, or during uncon- 
scious sleep. Two of our most distinguished professors in this institution 
have had such an experience, as they tell me; and one of them has often 
assured me that he never dreams. Somnambulism and double-conscious- 
ness offer another series of illustrations.” 

Holmes also goes thoroughly into the question of the quantity and 
quality of thought-flow—of the “internal movement” of which we are 
wholly unconscious . . . “when one idea brings up another;” of the in- 


destructibility of memories and affects, of unconscious factors in plagi- 


arism, of the function of censorship, of co-conscious mentation and 
double consciousness, the duality of our personalities, of the differences 
in the type of thought in males and females, and of the effects of sexual 
frustration in producing physical symptoms and character traits. 

All of these concepts are stated in “Mechanism of Thought and 
Morals” and constitute a scientific formulation and recapitulation of 
thoughts which Holmes had confirmed during his long career as a prac- 
ticing and consulting physician. As mentioned, Holmes is the author of 
three novels, the first of which, “Elsie Venner—A Romance of Destiny,” 
appeared in 1859. It was followed in 1867 by a somewhat similar novel 
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“The Guardian Angel,” and in 1884-5 by “A Mortal Antipathy.” Al- 
though “Elsie Venner” enjoyed something of a popular success, literary 
critics dealt none too kindly with this or Holmes’ subsequent psycho- 
logical works of fiction which were “tainted with the physiological.” 
Surely Holmes, far more sensitive concerning his literary reputation than 
about his clinical ability, would have been disappointed and incensed 
over having these studies of abnormal characters regarded as case his- 
tories. In the light of the development of modern psychiatry they remain 
as testimony to his medical acuity, his wisdom and psychiatric under- 
standing. 

In “Elsie Venner” the theme concerns the effect of pre-natal influ- 
ence upon the abnormal character development of the heroine. The 
circumstance that the mother was bitten by a snake during pregnancy is 
held responsible for the reptilian instincts which Elsie Venner mani- 
fested. This interesting theme is still discussed and has points in common 
with a certain psychoanalytic theory which emphasizes the trauma of 
birth as the cause for the development of neuroses. The whole subject of 
pre-natal influence in relation to anxiety has recently been reéxamined 
in the light of observations made during the psychoanalyses of patients. 

The second novel, “The Guardian Angel,” is a study of hereditary 
influences on the mind of one individual and postulates that inherited 
personalities may enjoy “a kind of secondary or an imperfect yet semi- 
conscious life”’—a “co-tenancy” in one body. Holmes maintains that 
“this body in which we journey across the isthmus between the oceans 
is not a private carriage but an omnibus.” 

In Myrtle Hazard, of “The Guardian Angel,” the traits and experi- 
ences of her antecedents reappear in her and produce strange and unac- 
countable actions (hysteria) seemingly belonging to the personalities 
of several ancestors. A similar concept has received wide attention under 
the term “collective unconscious” of Carl Jung, at one time closely 
affiliated with Freud. Jung would include as inherited in the unconscious 
not only the experiences of our immediate ancestors but of the race. 

The final novel, “A Mortal Antipathy,” is essentially the study of a 
compulsion neurosis by a fine psychiatrist. Written during the mellow- 
ness of Holmes’ old age it is a final and unsparing thrust at meddling 
by the clergy in situations where emotional disturbance is threatening 
the very existence of the patient. The preface, as the prefaces of the 
two previous novels, defends the validity of the theme of the story froma 
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medical standpoint. In it Holmes approaches more significantly the psy- 
choanalytic position of Freud—namely, that an infantile shock or trauma 
may Cause a conditioning in a person which he never outgrows. 

In this story Holmes realized that he was presenting a hazardous ex- 
periment and that the theory with which he accounted for the mortal 
antipathy for women of his main character, an otherwise normal young 
man, could hardly be rendered plausible. In the preface to the book he 
refers to the case of a “middle-aged man who could never pass a tall 
hall clock without an indefinable terror. While an infant in arms the 
heavy weight of one of these tall clocks had fallen with a loud crash and 
produced an impression which he had never got over.” 

An atmospheric impression of this kind associated itself with a ter- 
rible shock experienced by the infant who is the subject studied in “A 
Mortal Antipathy.” This idea is far too fantastic for Holmes’ recognized 
biographer, John T. Morse, Jr., who in 1896 writes, “From ‘Elsie Ven- 
ner’ with her mysteriously envenomed nature to that absurd young man, 
Maurice Kirkwood, who could not bear the sight of a young girl be- 
cause his pretty cousin had caused him to fall from a balcony in his 
boyhood, the downward step was indeed a long one.” Holmes states that 
such impressions could not be outgrown, but might possibly be broken 
up by some sudden change in the nervous system affected by a cause 
as potent as the one which had produced the disordered condition—a 
theory being actively revived today in shock therapy in its various 
forms. 

There cannot be the slightest doubt that Holmes himself is the doc- 
tor in each of the three stories of mental aberration—tedious reading as 
works of fiction. The repressive New England atmosphere produced 
similar strange physiological manifestations observed by Holmes at the 
bedside. This repressive cultural attitude lingered on after his death. 
But the scientific spirit also continued to grow greater and stronger in 
Cambridge. 

Holmes’ ideas lay in abeyance in New England for twenty-five years 
after his death. The link which Holmes established between Cambridge 
and Vienna in 1840 appeared again in 1909. A scholarly and distin- 
guished professor of neurology at Harvard, James Jackson Putnam 
(1846-1918), whose time of medical activity overlapped that of Holmes, 
became convinced that the theories of a still unacclaimed Viennese in- 


vestigator were worthy of thoughtful examination. And so Sigmund 
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Freud came to New England at Putnam’s instigation and at the invita- 
tion of Stanley Hall. 

Freud’s lectures delivered at Clark University have become classics 
for students of psychoanalysis, but I think that Freud himself could not 
have conveyed the essence of his theory better and more convincingly to 
the distinguished, yet skeptical and critical audience he faced than these 
words: “There are thoughts that never emerge into consciousness, which 
yet make their influence felt among the perceptible mental currents, 
just as the unseen planets sway the movements of those which are 
watched and mapped by the astronomer. Old prejudices, that are 
ashamed to confess themselves, nudge our talking thought to utter their 
magisterial veto. In hours of languor, as Mr. Lecky has remarked, the 
beliefs and fancies of obsolete conditions are apt to take advantage of us. 
We know very little of the contents of our minds until some sudden jar 
brings them to light, as an earthquake that shakes down a miser’s house 
brings out the old stockings full of gold, and all the hoards that have hid 
away in holes and crannies.” As you may surmise this was written by 
Holmes. 

One wonders why Holmes’ ideas did not receive greater attention 
when they were written. It is probably because society at large was far 
less prepared to entertain them in 1870 than it was to accept Freud re- 
luctantly in 1900. But this does not explain why Holmes’ theories were 
not more critically tested by two truly distinguished scientists of the 
Boston group who immediately followed him—William James, the phil- 
osopher, and Morton Prince, the psychiatrist. The fact is that psychiatry 
still remained in a somewhat sterile stage of description and classification. 
The social significance of mental deviation, so stressed by Holmes, had 
not been grasped by science or society. Neither, therefore, could give 
heed to dynamism of thought or appreciate its correlation to the masterly 
clinical descriptions of Holmes sketched in this presentation. 
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NEWER CONCEPTIONS OF POSTINFECTIOUS 
AND RELATED FORMS OF ENCEPHALITIS* 


Tracy J. Purnam 


Professor of Neurology and Neurosurgery, College of Physicians and Surgeons, Columbia University 


Tue MEANING oF “ENCEPHALITIS”; CLINICAL VARIETIES 


SHE term “encephalitis” means a disease of the brain. As a 
result of a prevalent convention of recent origin, and 
with no sound basis in derivation, the term is confined 
by many pathologists to conditions characterized by in- 

rs 2 flammatory phenomena. Once the name has been applied 

to a certain clinical entity, there appears a tendency to consider that 
disease as infectious in origin. 

There are, of course, infectious diseases of the central nervous sys- 
tem. The most familiar type is that represented by acute brain abscesses, 
granulomata, and syphilis of the brain. The term “encephalitis” is seldom 
applied to them, and I shall say little more about them. 

Other known diseases in which an infectious agent can be culti- 
vated from the brain are poliomyelitis, typhus fever, the St. Louis, Ja- 
panese and equine epidemic encephalomyelitides, encephalitozoon 
encephalitis, and a few others. Except for poliomyelitis, these conditions 
are so rare in this community at present as to be curiosities. A peculiar 
position is occupied by lethargic encephalitis; there was an epidemic 
twenty years ago. It was generally considered to be an infectious dis- 
ease, but no proof of its infectious nature has ever been brought out. 
Cases of lethargic encephalitis are now extremely rare, if indeed any 
authentic ones occur, and the acute disease is no longer a practical prob- 
lem. 

There is, however, one form of “encephalitis” (so-called), which is 
perhaps more common than poliomyelitis with paralysis, often mis- 
diagnosed and usually misunderstood. This is the so-called “disseminated 
encephalomyelitis,” neuroptic myelitis, Schilder’s disease, acute multiple 
* Read October 25, 1940 before the Graduate Fortnight of The New York Academy of Medicine. 


From the Department of Neurology. College of Physicians and Surgeons, Columbia University, 
and the Neurological Institute, New York City. 
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Fig. 1—Extreme venous congestion of a convolution of the cerebrum, with perivas- 
cular demyelinization, from a case of postvaccinal encephalomyelitis. Masson stain, 
lens enlargement. 


Fig. 2—Diffuse glial proliferation about distended vessels. Encephalomyelitis fol- 
lowing sinusitis. Cresyl violet stain, 8 mm. lens. 


Fig. 3—Adventitial infiltration. Post-measles encephalomyelitis. Cresyl violet stain, 
8 mim. lens, 


Fig. 4—“Encephalitis” following antirabic inoculation. Cresyl violet stain, 16 mm. lens 





Postinfectious and Related Forms of Encephalitis 











Fig. 5—Perivascular demyelination. Postvaccinal ence- 
phalitis. Weigert stain, low power. 


‘ 


sclerosis, or postinfectious encephalitis. It is related to “acute transverse 


myelitis.” It is, I believe, a non-infectious disease.' 
PATHOLOGY OF THE “ENCEPHALOMYELITIDES OF THE WHITE MATTER” 


Let us begin with the pathology of the condition. In patients dying 
during the acute stage, the brain is found to be somewhat edematous, 
but macroscopic changes are otherwise inconspicuous. The sinuses are 
often thrombosed; the vessels throughout the brain congested (Fig. 1). 

Microscopically, there is widespread proliferation of glial cells, es- 
pecially around engorged vessels (Fig. 2). In some areas, there are col- 
lections of phagocytic cells, occasionally a few resembling lymphocytes, 
within the adventitia (Figs. 3, 4). In small or large areas of the white 
matter, myelin is destroyed and undergoing phagocytosis, and axis cyl- 
inders appear damaged. Damage to cortical cells is variable (Fig. 5). 

Most of these specimens are from cases of post-measles and post- 
vaccinal “encephalitis,” since these two varieties are better studied and 
more often recognized than others.” They are not the most common, 
however. Exactly the same structural changes are encountered more 


trequently after pyogenic infections, such as pneumonia, tonsillitis, si- 


nusitis, and the like.? They may follow German measles,*:* chicken 
pox, undulant fever,’ inoculation for rabies,* burns,’ carbon monoxide 
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poisoning,’ administration of sulfanilamide," trauma,’ and other exo- 
genous injuries. Perhaps the commonest of all are the spontaneous cases, 
coming on often out of a clear sky in previously healthy individuals. 

The clinical picture is extremely varied. In severe cases, there are 
coma, convulsions, meningism and often a picture suggesting tetanus. 
Hemiplegia, hemiataxia, nystagmus, myelitis, changes in the optic nerves 
and other signs suggesting involvement of the white matter may occur. 
Mental and emotional changes may be the presenting symptoms, and 
abnormalities in neurological examination may be found unexpectedly. 
The spinal fluid is seldom normal, and usually contains 10 to 2,000 cells, 
an increased protein (up to 200), normal sugar, perhaps an alteration in 
the gold sol curve.* 

Not enough cases have been collected and published to permit us 
to say what the mortality is, but it is high—30 per cent in the postvacci- 
nal cases in Bastiaanse’s series,’* 7 out of 31 cases in Adler’s mixed series.’ 
The remainder recover entirely or with residuals. In an unknown pro- 
portion of cases (15 per cent of Adler’s series) relapses occur, and the 
disease becomes recognized as multiple sclerosis. 


DisTINCTION FROM AcuTE Toxic ENCEPHALITIS 


Clearly to be differentiated from the group of proliferative and de- 
generative encephalitides just discussed, are the acute toxic encephalitides 
(according to Adler’s definition) frequently seen as complications of 
acute infectious diseases, especially pneumonia. The toxic encephalitides 
may be recognized clinically by the indefiniteness of the picture—coma, 
delirium, convulsions, muscular twitchings—and the fact that the spinal 
fluid shows minor changes or none, aside from an occasional slight in- 
crease in cells. In fatal cases, acute general cortical edema and swelling 
of nerve cells are found, but practically no focal injuries or collections 
of cells. The patients who recover show no residuals. 


PATHOGENESIS OF “ENCEPHALOMYELITIS’—OLDER THEORIES 


The conventional attitude towards the postinfectious encephalitides 
and other disorders of the same group, is that they are due to the pres- 
ence of a virus in the brain. This point of view (first apparently ex- 
pressed by Pette') was based on the presence of cellular proliferation and 
infiltration, and on the fact that some cases follow virus diseases, such 
as vaccinia and measles. Prompted by this assumption, material such as 
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spinal fluid and blood from hundreds of cases (mostly of multiple scle- 
rosis) has been cultured and injected into animals, without a single sig- 
nificant result. Fresh brain from early autopsies in acute cases has been 
inoculated into the brains of monkeys without infecting them. Bacterio- 
logical methods give us, then, completely negative evidence as to the 
infectious origin of the lesions. 

A minority of authors, such as Hassin,” speak of the histologic re- 
action of diffuse perivascular glial proliferation seen in this group of 
cases as “toxic.” There are two objections to this term. One is that the 
typical reaction is found in certain cases of traumatic injury to the brain, 
about injuries, and in arteriosclerotic foci, in which the term “toxic” 
must be given a peculiar meaning, if it is to apply at all. The second 
objection is, that the term gives us no dynamic picture of the mecha- 
nism of the development of the lesions, which could possibly be trans- 
lated into a policy of treatment. 


Tue Rote or VASCULAR OCCLUSION 


It is the purpose of this paper to present evidence for a third inter- 
pretation of the tissue changes found in the encephalomyelitides involv- 
ing the white matter; namely, that the parenchymal reaction is one which 
characteristically follows closure of small blood vessels in the central 
nervous system, and that the primary change is one in the clotting 
mechanism of the blood. 

There are a number of different pieces of evidence which support 
this view. Typical “encephalomyelitic” changes may be produced regu- 
larly in animals by mechanically blocking venules® (Fig. 6), by inject- 
ing coagulants such as lung extract or brain extract into the venous cir- 
culation’ (Fig. 7), by poisoning with carbon monoxide, which produces 
venous thromboses in a minority of instances,’® or by administration of 
potassium cyanide, an asphyxial poison.’* It may be found in human 
brains in which small vessels have become occluded by arteriosclerosis, 
trauma, inflammatory thrombosis,’ or intimal proliferation” (Fig. 8). 

Turning again to the pathology of the condition, let me remind you 
that the congestion of the brain is described as a feature of the pathology 
of the disease by practically all observers (Fig. 1). In acute or progres- 
sive cases, thrombi have been described by the majority of pathologists 
who have made any statements about the contents of the vessels. In my 
own cases, thrombosis has invariably been found in relation to the le- 
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Fig. 
Fig. 6—Diffuse glial proliferation in the territory drained by an experimentally oc- 
cluded vein (in a dog). Cresyl violet, lens enlargement. 


Fig. 7—“Encephalomyelitis” about thrombosed veins, following intravenous injection 
of a coagulant (lung extract). Gallocyanin stain, lens enlargement. 

Fig. 8—“Encephalomyelitic reaction” in traumatic brain purpura. Cresyl violet stain, 
16 mm. lens. 


Fig. 9—Thrombus in a small vein from a case of postvaccinal “encephalitis.” Mal- 
lory’s connective tissue stain, low power. 
. } 
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sions,! and in all the cases in which such an examination could be made, 
in other organs as well (Figs. 9, 10). 

Thrombosis of the dural sinuses is a common finding, and on the 
other hand, parenchymal degeneration of this type is common, though 
seldom studied, in cases of sinus thrombosis. In the cases in which it has 
been possible to make a histologic study of the other organs, small 
thrombi are found in them also. It is only in the brain, however, that 
such minute clots are likely to produce permanent damage. 

In older writings on the subject, it has been customary to attribute 
the thrombi found in lesions to the inflammatory phenomena about the 
vessels. If this were the sequence of events, one would not expect the 
same parenchymal reaction to occur in relation to vascular occlusions of 
other types, for example, in the experiments which have been mentioned, 
in arteriosclerotic foci, and in other organs of the body. 


Tue Causes oF THROMBOSIS 


If this interpretation of the origin of the parenchymal lesions is cor- 
rect, the problem, is of course, shifted from the brain to the blood 
stream. Empirically, the presence of disseminated small thrombi through- 
out the body in cases of acute terminal infection has been reported by 
many pathologists. Presumably, similar thrombi occur in patients with 
the same acute diseases who do not die. If they occur in the brain, the 
lesions they produce must resemble those we have just reviewed. The 


strange thing is not that such thrombi should form in the brain in oc- 


casional cases, but that they are so rare. 

The problem has been brought a little nearer solution by the studies 
of Finley,’ who has shown that the onset of postvaccinal “encephali- 
tis” occurs with great regularity on the eleventh day of the disease—the 
very day when immunity is at its height, and re-vaccination becomes 
impossible. In a small group of cases, the “encephalitis” appeared on the 
sixth to eighth days. In all of these, the encephalitis followed re-vacci- 
nation, in which the onset of immunity is accelerated. In the post- 
measles encephalitides also, he found evidence that the onset coincided 
with the development of immunity. 

That the origin of “encephalomyelitis” is in some sense an allergic 
reaction is indicated also by the experimental production of a character- 
istic histologic picture by the subcutaneous injection of tetanus toxin,”° 
or of brain extract.** It seems not unreasonable to suppose that an in- 
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Fig. 13 


Fig. 10—Thrombus in the liver from a case of “encephalitis,” following tonsillitis 
Hematoxylin-eosin, low power enlargement. 


Fig. 11—“Encephalomyelitic reaction” in an acute extension of a chronic plaque of 
a case of multiple sclerosis. Cresyl violet stain, lens enlargement. 


Fig. 12—Thrombus in a vein draining a fresh lesion, from a case of multiple sclerosis 
Masson stain, oil immersion. 


Fig. 13—Obliterated vessel in an old periventricular plaque, from a case of multiple 
sclerosis. Masson stain, oil immersion. 
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stability of the clotting mechanism of the blood might be one aspect of 
allergy. Tetanus toxin contains a hemolytic substance, and the brain 
extract employed is an active coagulant. 

It has been pointed out that similar parenchymal changes may occur 
as a result of poisoning with carbon monoxide or nitrous oxide. They 
are usually ascribed either to a “toxic” action of the gas on the tissues, 
or to the anoxemia produced. There is reason for believing that neither 
explanation is adequate, and that in these conditions also, the degenera- 
tions occur in the areas of drainage of thrombosed venules. Thromboses 
are common elsewhere in the body and asphyxia has been shown to 
favor intravascular coagulation.” 


RELATION OF “ENCEPHALOMYELITIS” TO MULTIPLE SCLEROSIS 


Another aspect of the problem of “encephalomyelitis” is that relat- 
ing to the fate of the lesions. Those which are sufficiently intense end 
as actual cystic softenings, such as are often seen in carbon monoxide 
poisoning. The less intense ones, in which axis cylinders are not de- 
stroyed, become glial scars. They are then indistinguishable from the 
plaques of multiple sclerosis, and irregular extensions and exacerbations 


of the acute stage may occur in them. We may say, therefore, that 
certain types of “encephalomyelitis” represent the acute stage of a proc- 
ess, which we know in its chronic relapsing state as multiple sclerosis.”* 
Acute proliferative lesions, thrombi, and occluded vessels are found 
in cases of multiple sclerosis (Figs. 11, 12, 13). As is well known, the 
exacerbations of multiple sclerosis, like the onset of “encephalomyelitis” 
may be precipitated by non-specific infections. 

This fact in turn throws some light on the pathogenesis of “ence- 
phalomyelitis,” for recent studies have shown abnormalities in the clot- 
ting mechanism,” in the proteins of the blood,”* and the presence of an 
abnormal immune substance.”° 


THERAPEUTIC CONCLUSIONS 


The onset of disseminated thrombosis within the central nervous sys- 
tem is usually rapid, and there is at present no available method of pre- 
dicting its occurrence. In a small proportion of cases, the disease is pro- 
gressive. Conceivably, its progress might be halted by administration of 
anticoagulants, such as heparin*’ or cysteine.** Neither has been tried 
in encephalomyelitis, but the latter has been given in cases of multiple 
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sclerosis. There is a field for further investigation here. 

If the cerebral lesions are secondary to a collection of pus, relief 
may follow drainage of it. 

One thing seems clear: that “antiseptic” treatment, unless directed 
at the underlying disease, is entirely out of place. There is reason for 
believing that treatment by sera, or indeed, intravenous medication of 
any kind, is contraindicated, as similar encephalitides have been pre- 
cipitated by administration of sera.’ *° 
A systematic collection of well-studied cases would do much to 


clarify the situation. 
SUMMARY 


The terms “encephalitis” and “encephalomyelitis” have been used 
by neuropathologists to denote several groups of diseases characterized 
by infiltrations and glial proliferations. Some of these diseases—the pyo- 
genic and granulomatous infections, and certain epidemic forms such as 
poliomyelitis—can be demonstrated to be infectious in origin. In others, 
probably forming the largest group, the disease has never been trans- 
mitted to animals and cultures are uniformly sterile. Typical examples 
are the postvaccinal and post-measles encephalomyelitides. Similar his- 
tologic pictures are seen in certain instances of arteriosclerosis, carbon 
monoxide poisoning, head injury, etc., and most often of all, after the 
common respiratory infections or without obvious etiology. There are 
both pathologic and clinical transitions between this group of diseases 
and multiple sclerosis. 

Recent studies have made it seem likely that the fundamental abnor- 
mality in such cases is a spontaneous thrombosis of small vessels within 
the central nervous system. Such thrombi have been regularly found in 
acute cases, not only in the brain, but in other organs as well. If vascular 
obstruction of a similar type is produced in some other way, either 
spontaneously or experimentally, similar parenchymal lesions result. The 
onset of the cerebral symptoms in the postvaccinal and_post-measles 
types corresponds with the height of the immune reaction. 

The possible bearing of this conception on the handling of cases is 
discussed. 
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THROMBOPHLEBITIS* 
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GaeseseseseseHE status of current theories and factual knowledge per- 
taining to thrombophlebitis and its allied syndromes is at 

T present very confused and decidedly meager. It is not 
generally known throughout the medical profession 

i ai whether we are dealing with one, several, or many dif- 
ferent diseases. We do not fully understand the etiological factors re- 
sponsible for the development of the various syndromes so roughly 
classed under this single heading. The mechanism of development we 
understand in part; the pathology we can observe; the signs and symp- 
toms are usually, but not by any means always, recognizable. When 
we reach the problem of treatment, we find ourselves in a state of rela- 
tive chaos; overwhelmed by variety; confused by conflicting methods 
and reasoning; pleased by moderate, inexplicable success; chagrined by 
frequent, unexplainable morbidity and, not infrequently, sudden death. 

Each of these problems will be surveyed in turn and I shall attempt 
to evaluate the various theories regarding them on the basis of expe- 
rience with more than 300 cases of this condition studied during the 
past six years. . 

Of the last 70,000 patients admitted to the New York Post-Graduate 
Hospital, 182 (0.26 per cent) suffered with thrombophlebitis on ad- 
mission or during their stay. This incidence in a general hospital popula- 
tion is undoubtedly lower than it would be in an institution with an 
obstetrical service, although nine of our cases were postpartum. Prob- 
ably all statistics of postoperative incidence are low, since a consider- 
able, but unknown number of patients leave the hospital and develop 
phlebitis at home where they remain for treatment. 

In our vascular clinic, where all types of vascular problems are 
studied, of the last 2,400 admissions, 92 (3.8 per cent) have been cases 
of thrombophlebitis. 


* Delivered November 29, 1940 at The New York Academy of Medicine as a Friday Afternoon Lecture 
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In this combined series of 274 patients, known etiological factors 
have been as follows: 

Infection, 63 

Varicose veins, 51 

Postpartum, 32 

Trauma: (a) injury, 40 (b) postoperative, 52 

Thromboangiitis obliterans, 18 

The etiology has been unknown in 59 cases. 

Barker’ has divided thrombophlebitis into the following groups 

(slightly modified) : 


1. Local 
(a) Chemical—arsenical or other irritating injections 
(b) Mechanical—direct pressure or injury 
(c) Local inflammatory thrombophlebitis—part of local lesions, 
1.e., erythema nodosum, tuberculides, gummas, etc. 
(d) Suppurative thrombophlebitis—acute infectious, involving 


the jugular, portal veins, etc. 
(e) Varicose thrombophlebitis—traumatic or without known 
trauma 


Hematogenic Thrombophlebitis 

(a) Chlorosis 

(b) Polycythemia vera 

(c) Leukemia 

(d) Pernicious anemia 

Secondary (complicatory) Thrombophlebitis 

(a) Postoperative—(after 1.6 per cent of laparotomies) 

(b) Pregnancy and postpartum thrombophlebitis—(o.5—1 per 
cent of deliveries) 

(c) After severe injuries 

(d) Complicating infectious systemic diseases. Especially ty- 
phoid (3 per cent) and pneumonia (0.6 per cent) 

(e) Complicating non-infectious systemic diseases, especially 
carcinoma and heart disease 

(f) Complicating epidermophytosis 

Primary Thrombophlebitis 

(a) Thromboangiitis obliterans (40 per cent develop thrombo- 
phlebitis) 
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(b) Thrombophlebitis migrans (88 per cent male—8o per cent 
under 50 years) 
(c) Idiopathic, non-recurring thrombophlebitis 

There is a tendency of some individuals to develop serial episodes 
of thrombophlebitis of various types. Some families have numerous 
cases in a family just as some families will show a marked tendency to 
develop varicose veins. 

A study of this classification clearly demonstrates that we are in all 
likelihood dealing with numerous distinct syndromes with individual 
characteristics as to precipitating causes, physical background, course 
and probable prognosis. In certain of these syndromes the etiological 
factors appear quite clear as in chemical phlebitis and suppurative phle- 
bitis. In the first instance the reaction appears to be that of a chemical 
irritation of the intimal and other layers of the venous wall with a rough- 
ening of the lining and most frequently a spasm of the vessel resulting 
in a stasis with thrombus formation, but without evidence of primary 
bacterial invasion. In the second, we have the opposite, as for example, 
with the reaction due directly to bacterial invasion of the jugular vein 
or the surrounding area from a primary otitis media and mastoid in- 
fection. A similar type of bacterial invasion may occur from any form 
of suppurative organisms involving the adjacent veins. 

In most of the types of thrombophlebitis in our classification the 
etiological factors are more difficult to evaluate. It appears that in most 
instances several may play a part, as follows: 

1. By means of trauma, dehydration or other factors, the intimal lin- 
ing becomes damaged (other layers may be primarily involved— 
the intima secondarily). 

The blood flow is retarded or blocked by mechanical blockage, 
as with pregnancy, tight bandages, binders, or varicosities; these 


factors precipitate a thrombosis by a mechanism described later. 
Organisms of a variable or unknown type invade the thrombus 


through the blood or lymph streams. 

This brings up the question as to whether these latter types of phle- 
bitis are associated with one or several specific bacteria or not. Thus 
far, in my opinion, there is no conclusive work demonstrating that any 
particular organism is universally guilty or even guilty in the majority 
of instances. Cultures of acutely invaded veins have occasionally shown 
various streptococci, colon bacilli and other organisms, but these find- 
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ings are too inconstant to warrant very serious consideration. The fre- 
quency of the relationship of epidermophytosis to single and recurrent 
phlebitis of the feet and legs has been noted in many clinics and has 
given rise to the speculation that this fungus infection may be respon- 
sible, either by direct invasion or an allergic response. Dunham? in our 
laboratory, has cultured 15 of these veins for fungus growth without 
obtaining a positive growth in a single instance. The whole picture ap- 
pears to us as unlike a typical allergic response, especially in those pa- 
tients who are acutely ill with pain, redness, swelling (not urticarial in 
type), fever, increased white count and sedimentation rate. A third 
possibility seems more likely, namely, that organisms, be they bacteria, 
sub-bacterial forms or viruses, are admitted through the cracks in the 
skin produced by the fungus and drain upward along the veins or ven- 
ous lymphatics. Similar drainage may cause phlebitis elsewhere. In our 
studies Dunham has succeeded in producing in egg chorioalantoic mem- 
branes growths which could not be differentiated from typical virus 
growths from four or possibly six segments of acutely inflamed veins, 
of fifteen thrombophlebitic veins cultured. From ten control cases none 
of these growths were obtained. We could not keep these growths alive 
through more than four passages, or isolate them as definitely virus in 
nature. Injected into various animals, they did not produce characteris- 
tic lesions. We cannot, therefore, reach any conclusions from this work 
as yet, but feel that if the cultural difficulties can be overcome, it should 
be more extensively pursued. We are still forced to admit that we do not 
know the answer to the cultural problem, though most thrombophlebitis 
certainly appears to be of an infectious nature. 

Mechanism: Thrombus takes place as a result of several mechanisms 
operating at the same time and interdependently. There are still great 
gaps in our specific knowledge regarding this process but in accord with 
the most acceptable theories the process is somewhat as follows: 

The conversion of the soluble fibrinogen to the insoluble fibrin is 


brought about by a ferment thrombase (thrombin) formed in the plasma 


of shed blood by the action of calcium ions upon a thrombase precursor 
called prothrombase (prothrombin). Formerly calcium was thought cap- 
able of producing this reaction alone, but Mellanby* has demonstrated 
that this conversion is actually effected by thrombokinase in the presence 
of calcium ions. Though some delay in the formation of the clot may 
occur in its absence, calcium is not necessary for the coagulation of 





352 THE BULLETIN 








thrombase once it has been formed. Ferguson* found that during the 
process of activation of prothrombinase by calcium and thrombokinase, 
there is a stage lasting for a few minutes in which the removal of calcium 
(by the addition of oxalate) causes inactivation of the newly formed 
product (“fresh” thrombase). After the thrombase is fully elaborated 
(“‘ripe” thrombase), except for the slight delay above mentioned, the 
removal of calcium ions does not affect the coagulation. Ferguson be- 
lieves that this difference in the effect of calcium-lack upon “fresh” and 
“ripe” thrombase indicates the formation of an intermediate complex in 
the production of thrombase from prothrombase. He concludes that 
thrombase (thrombin) is a calcium-cephalon-prothrombase complex or 
compound. Mellanby® has shown that heparin is an anti-thrombase, not 
as Howell® believed, an anti-prothrombase. That is, it does not prevent 
the conversion of prothrombase to thrombase, but inactivates the latter 
enzyme after it has been formed. The inactivation is dependent upon the 
presence of neutral salts, for dialyzed plasma does clot readily when 
thrombase and heparin, which ordinarily would not cause clotting, are 
added to it. Heparin is present only in minute amounts in circulating 
blood and is not responsible for the maintenance of the fluidity of the 
blood in the living body. The blood does not clot intravascularly, simply 
because no thrombokinase is available to convert prothrombase to 
thrombase. Thrombokinase is present in all tissues, including blood plate- 
lets, but is held to be freed and available only under certain conditions, 
usually involving injury to the cells. An anti-thrombase, other than hep- 
arin, appears to exist in the circulating blood. This so-called normal 
anti-thrombase Quick’ believes to be simply serum albumin. Thrombo- 
kinase not only converts prothrombase into thrombase, but also neutral- 
izes the action of heparin. Therefore, when thrombase and heparin are 
present in suitable proportions to maintain fluidity of a sample of blood, 
the addition of thrombokinase causes coagulation. The result is not influ- 
enced by the presence of calcium salts. Mellanby* suggests that heparin 
in tissues serves as a local anticoagulate, preventing clotting in the small 
vessels. His hypothesis is that the change is effected by the action of 
thrombase upon fibrinogen which produces a cleavage of the latter into 
fibrin and serum globulin. Thus the former theory of blood coagulation 
must be subject to radical revision. 

As these changes leading up to the production of fibrin are taking 
place, certain other mechanisms must come into play in order to produce 
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a definite thrombus. In the living body a number of factors tend to 
protect the circulating blood against undesirable coagulation. Experi- 
ments by Glénard* and Baumgarten’ show that under favorable condi- 
tions blood may be kept stagnant between two ligatures applied to a 
vein without clotting if the internal lining of the vessel is unaltered and 


intact. 

Friedlander” has advanced the theory that some roughness of the inti- 
mal lining, be it secondary to injury, or the tiny nodules, described by 
Dietrich," following infection, is usually necessary to provide an an- 
choring buoy on which a thrombus is afhxed when the circulation is 
affected, especially with a tendency to stagnation. Virchow considered 
a thrombus to be identical to an extravascular clot. Zahn (1875)** dem- 
onstrated the process of thrombosis. Following an injury to the vessel 
wall a collection of white cells and platelets occurs at the site of injury, 
forming a white head of the thrombus which is fixed to the vessel wall. 
Fibrin plays an important part in this process; all blood elements become 
involved. The blood clot forms and the red “tail” of the clot, which is 
fixed at one side to the white “head,” usually begins by waving free at 
the other end. In small veins the white head is frequently large in pro- 
portion to the rest of the clot. In large veins it may be so small as to 
be almost invisible, the red “tail” making up most of the thrombus. The 
complex interplay of all of the factors described plus many others, in- 
cluding the relationships of glucose and the electrolytes, cannot be elab- 
orated in detail in this paper, but have been presented by Friedlander’? 
and others. It should be stated here that many of the links in our presen- 
tation must rest thus far on reasonable hypothesis rather than established, 
factual evidence. 

The movement of the blood through the veins is dependent on many 
factors, including the sucking power of the regular pulmonary respira- 
tions which draw the venous blood toward the chest. The venous valves 
prevent the blood from slipping back when the intrapulmonary pressure 
increases. The skeletal musculature also acts by pressure on the vessel 
walls to press the blood along centrally. Here again the venous valves 
make this a one-way process. Two factors of slight, if any, importance 
are the pressure from the arterial side—vis a tergo—and the sucking 
power of the right atrium of the heart. 

These valves, which are so useful, are damaged by trauma and infec- 
tion and are frequent sites of thrombosis. The thrombus usually forms 
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rapidly and organization may begin to take place in from 24 to 48 hours. 
Involution then proceeds during the following weeks by a process of 
partial fibroplastic organization and partial liquefaction. Eventually, 
there is usually some return of function of the vein, but this is apt to be 
incomplete, especially since, as Edwards’* and others have pointed out, 
the valves rarely escape destruction. 

The above description deals with thrombosis as it occurs in associa- 
tion with intimal changes in thrombophlebitis. It should not be forgotten 
that all of the layers of the vein wall are usually involved in this inflam- 
matory process. Indeed Homans" maintains that there is usually obstruc- 
tive involvement of the perivenous lymphatics during the acute stage. 
In certain cases the inflammatory reaction is practically confined to the 
adventitia and outer layers without the production of thrombosis; thus, 
periphlebitis. 

Pathological Physiology: The pathological physiology resulting 
from thrombophlebitis is interference of the return blood flow to the 
heart in the particular venous tree or section involved. This may not be 
important if small branches are involved, since there is a great abundance 
of venous collateral vessels draining most of the tissues of the body. 
When large trunks are involved, however, serious secondary effects are 
frequently noted. If, for example, the iliofemoral or axillary veins are 
involved and obstructed by a thrombus extending a considerable dis- 
tance, the distal venous pressure at heart level may be quadrupled. In 
the instance of the iliofemoral vein, if the patient stands, the venous 
pressure may approximate the arterial diastolic pressure. This inevitably 
produces intense congestion of venules and capillaries and subsequent 
transudation with edema. Homans" has held that obstruction of the 
perivenous lymphatics is the major factor, in the formation of this 
edema. We are inclined to agree with Barker’ that, especially in the early 
stages most of the edema is probably due to capillary congestion with a 
marked disturbance in the normal downward gradient of intracapillary 
pressure preventing the usual reabsorption of tissue and intracellular 
fluids into the capillaries. The fact that ligation of a large venous trunk 
does not produce edema is not adequate proof of Homans’ theory, since 
thrombophlebitis most frequently inactivates an extensive portion of the 
involved vein by either thrombosis, reflex spasm or both, thus usually 
blocking the return flow of additional collateral vessels. It is probable 
that persistent chronic edema may be in large part due to the blockage 
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of the perivenous lymphatics which may be a factor long after the ven- 
ous balance has been restored toward normal by means of canalization 
and collateral activation. This latter process results in dilatation of the 
collateral veins which often overdilate, producing huge varices due to 
the excessive burden thrown on their relatively weak valves and walls. 
This produces a vicious cycle, since the valves are overstretched, becom- 
ing insufficient. This produces additional reverse pressure on the venous 
walls and increased stagnation as the valves fail to hold the blood. This 
is especially serious when the very important saphenous valve at the 
femoral vein is insufficient, since then the entire venous pressure of the 
femoral-vena cava system reverses on the weak saphenous veins. This 
insufficiency of the valves may likewise occur following destruction of 
the valve leaflets by the process of thrombophlebitis. 

I have described these basic phenomena at some length, because the 
clinical symptoms and signs are of necessity dependent upon them and 
because any rational therapy should be considered in the light of its 
effect on them. 


Tue Signs, SyMptTomMs AND Course OF [HROMBOPHLEBITIS 


The signs and symptoms associated with the syndromes of thrombo- 
phlebitis vary markedly with the type, location and extent of the lesion. 
I shall not attempt to describe every possible combination in detail, since 
the variations are almost countless. Certain important signs and symp- 
toms are briefly noted. After trauma, postoperatively or in association 
with pregnancy, the physician is on the watch for the development 
of thrombophlebitis but it should be noted that it may develop insid- 
iously without a known precipitating factor. Cases in this latter group 
are frequently missed until serious damage has occurred. 

1. Pain: The patient most frequently notices pain at the site of 
venous involvement. This pain may be slight, as in the instance of in- 
volvement of a small segment of an unimportant superficial vein, or mod- 
erately or extremely severe if large venous trunks are involved. It may 
be described as a sense of soreness in the local area or it may be referred, 
as in several patients with iliofemoral venous involvement, to the back, 
in the lumbosacral area. Differential diagnosis must sometimes be made 
between this syndrome and an abdominal or psoas abscess and acute 
osteomyelitis of the spine. In addition to local referred pains we see in 
patients with migratory phlebitis the same types of pains involving vari- 
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ous verious branches throughout the body. Any branch may be involved 
although a thrombus does not necessarily occur at the site of each pain- 
ful area. We feel that it frequently happens that the lesion may be essen- 
tially periphlebitis, involving the outer layers and producing a painful 
syndrome without thrombus and edema, as contrasted to other episodes 
representing thrombophlebitis where the thrombus and edema are the 
main features but the pain is minimal. In many instances these are com- 
bined. One additional form of pain—general malaise—is very frequently 
a major factor. Contrary to the theories of Meyer,” the pains of phlebi- 
tis should not be related to those of rheumatism or “growing pains.” 
What is needed is more clear-cut differential diagnosis and constructive 
thought on this subject rather than additional confusion. 

2. Tenderness: Associated with the local pain is tenderness, which 
in general extends along the course of the involved veins. This tender- 
ness is more diffuse when deep veins are involved but at certain areas 
where the veins may be pressed upon more directly, the tenderness is 
more acute. These areas include the inguinal area, Scarpa’s triangle, Hun- 
ter’s canal, the popliteal space, directly back of the middle of the calf, 
and others. 

3. Cramps: A form of pain not often mentioned is that produced by 
very severe muscular cramps occurring rather frequently in patients with 
deep vessel phlebitis. These may be of extreme severity and seriousness, 
since it may be virtually impossible for the patient to lie still while the 
cramp is present and the cramp may, by exerting distorting pressure on 
the vein, loose an embolism. These are especially apt to occur in the calf 
muscles, but may affect any sets of muscles in the body. 

4. Color Changes: The occurrence of a superficial thrombophlebitis 
is almost always accompanied by local redness of the skin directly over 
the area of inflammation and often extending as a red streak over the 
course of the vein. It may occasionally spread as a diffuse area of redness, 
often somewhat resembling erysipelas. Several such patches may be seen 
in different portions or branches of the same venous tree. In migratory 
thrombophlebitis patches of this type occur at widely scattered areas far 
from the primary site. As the acuteness of the local process subsides these 
red patches gradually turn to a purplish brown and then a dull brown 
as they fade. 

Another type of color change of serious significance may be seen on 
rare occasions. The periphery of an extremity may become suddenly 
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pale bluish or blanched, due to a spastic occlusion of an artery, which 
rests against the acutely inflamed vein. This may be so serious as to result 
in massive gangrene, as in the woman reported by Gregoire (quoted by 
Homans") in which instance exploration confirmed this state of affairs. 
Pallor may also be seen in cases of milk leg, due to blockage of the 
iliofemoral veins and lymphatics, with resultant pale edema. 

5. Local Swelling: Accompanying the redness, above described, 1s 
usually a mild degree of swelling. A lump or, more frequently, a cord- 
like mass, is palpable along the course of the vein. This type of swelling 
is not always present and frequently cannot be felt in patients in whom 
deep veins are involved. 

6. Edema: Congestion of the entire venous and capillary bed distal 
to the site of blockage, in varying degrees, inevitably follows thrombosis. 
This may be quickly adjusted, especially if the thrombosed vein is small 
and if collateral venous return is adequately available, as in the instance 
where veins of the foot and calf are involved. The opposite extremes 
are seen with blockage of the larger veins, especially the femoro-iliac 
veins, resulting in phlegmasia alba dolens, or milk leg. The edema is, 
as above explained, due to the increased pressure in the venules, capillar- 
ies and lymphatics which disturbs the downward pressure gradient and 
hence interferes with the reabsorption of tissue fluids into the vessels. 
Edema was present in 92, or 33.5 per cent, of our patients. 

7. Fever: may or may not be present. It is difficult to explain why 
with three patients with seemingly identical degrees of involvement one 
will develop a fever of 103° to 105° F. with chills, the second will run a 
low grade fever of 100° to 101° F. and less commonly, the third will 
develop practically no fever at all. 

8. Tachycardia: Tachycardia is a frequent sign even in the absence 
of fever. If persistent, it is considered evidence of continued activity of 
the disease. 

9. Sedimentation Rate: The sedimentation rate is likewise unpredict- 
able. In some patients it will fall more than 100 mm. per hour (Weste- 
gren method), whereas in other patients whose veins appear to be more 
severely involved, the rate will be well within normal limits (less than 
16 mm. per hour). There does appear to be some rough parallelism 
between fever and the sedimentation rate. In patients with a normal rate 
it is of no value. Where it is found to be high it seems to be an aid in 
determining the rate and degree of recovery. We cannot explain the 
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difference in occurrence of this finding. Perhaps it is due to difference 
in the degree of tissue destruction or, again, we may be dealing with 
different diseases which we cannot as yet clearly differentiate. 

10. The Blood Count: The blood count, likewise, may or may not 
be affected by thrombophlebitis. The white count may rise to 40,000 or 
more with a high polymorphonuclear count, many young forms and 
toxic granulations present. We have seen profound anemias develop with 
red cell counts of under 3,000,000 and hemoglobin of less than 4o per 
cent. In contrast, I have helped to care for one patient who suffered from 
migratory phlebitis for more than nine months without definitely abnor- 
mal changes in the blood count or sedimentation rate. 

It is worthy of re-emphasis that thrombophlebitis may occur in any 
vein in the body and that symptoms may vary accordingly. Thus, mani- 
festations of liver, kidney, mesenteric, pulmonary and cerebral phlebitis 
are not uncommon, but are frequently not recognized as such. 


COMPLICATIONS AND SEQUELAE 


One of the most common and most dreaded complications of throm- 
bophlebitis is pulmonary embolism. The serious cases which result in 
sudden death, or marked pulmonary signs and symptoms, including sud- 
den pain, the coughing up of bright red blood and the development of 
typical signs of a patch of pneumonia are usually recognized. I should 
like to emphasize on the basis of our experience and the experience of 
others, both in living patients and at the autopsy table, that in all prob- 
ability more than half of all pulmonary emboli are missed entirely or 
wrongly diagnosed. This situation can be measurably improved by 
greater attention being paid to any and all chest symptoms and signs 
occurring during postoperative or postpregnancy periods, and especially 
during known active phlebitis. More frequent x-rays in doubtful cases 
might help, but unnecessary moving of these patients is risky. It should 
be pointed out that many fatal emboli occur without clinical evidence 
of phlebitis. Emboli are released in one of several ways: 

1. A portion of the tail of a fresh thrombus may break loose due to 
some increase in rate of flow or a twist of the vein, as in one patient 
with typical thrombotic tendency of leukemia who developed a pul- 
monary embolism after an osteopathic treatment. 

2. The thrombus may extend from the vein in which it develops into 

the lumen of the venous trunk into which the vein drains. If the cur- 
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rent is strong enough to break off a piece of the tail, in a fraction of 

a minute we have an embolus. 

3. Occasionally, because of very slow organization of the thrombus, or 
in suppurative thrombophlebitis, a friable portion will break loose, 
thus becoming an embolus. 

Barker' cites a large series of patients with postoperative iliofemoral 
thrombophlebitis in whom fatal pulmonary embolism occurred in only 
5 per cent. In half of these it occurred within four days and in the 
other half it originated from an unrecognized fresh thrombus from the 
opposite vein. The incidence of embolism in recurrent thrombophlebitis 
is, in his series, approximately 12 per cent, of fatal embolism, 7 per cent. 
In our total series pulmonary embolism was recognized in twenty-three 
(8.7 per cent) patients, of whom six died. There were also eleven em- 
boli to other parts of the body. 

The scope of this paper does not permit more than mere mention of 
the very important and frequently disabling chronic aftereffects of 
thrombophlebitis. These include varicose veins of all degrees, chronic 
edema, varicose and other postphlebitic ulcers and chronic eczema, pig- 
mentation, or other skin changes about the ankles. These sequelae have 
been made the subject of previous papers from our clinic and elsewhere. 

Mention should be made of the pains which persistently recur in the 
previously involved veins, especially with weather changes and on pro- 
longed standing. These are not accompanied by activity of the disease, 
but may occur at lengthening intervals and with diminished intensity 
for some years after an acute episode. 

The syndrome of postphlebitic neurosis has been described by Allen 
and Brown."* This is seen most often in nervous women who have been 
in bed for a prolonged course of treatment and who have been overim- 
pressed with the probability of permanent disability or pulmonary em- 
bolism. Characteristically, there are few signs of venous insufficiency. 
The complaints are most often of marked weakness and rather nebulous 
shifting pains, involving many areas in the body, not confined to prev- 
iously involved veins. 


‘TREATMENT OF THROMBOPHLEBITIS 


As emphasized in this resume, the treatment of this group of diseases 
is for the most part in a chaotic state of contradictions, claims and coun- 
terclaims. Our endeavor will be to face this problem with complete 
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frankness and reality, differentiating fact from hypothesis, and theory 
from clinical results. One of the greatest sources of error has been the 
trend of investigators and clinicians alike to treat these diseases as a sin- 
gle clinical entity. Nothing could be more incorrect in clinical approach 


or more inhibitory to investigation. 

It should be remembered when reading of the virtues of any form of 
therapy for the prevention of thrombophlebitis, that it only occurs in 
from 1.5 to 4 per cent of all surgical cases, and that any claims of this 
nature must represent studies of hundreds or even thousands of surgical 
cases to be statistically sound. Claims as to curative therapy should also 
be subject to close scrutiny, since the disease is often self-limiting or 
cured by rest alone. It is frequently difficult to determine in advance 
which cases are going to be progressive and serious and which will clear 
up regardless of the therapy used. 

I mention a case in point. A patient was desperately ill with migra- 
tory phlebitis, which began in a vein over the dorsum of the foot and 
spread to involve segments of almost every venous tree in the body, 
including the pulmonary, cerebral, splenic, mesenteric and other internal 
veins and innumerable superficial areas. Approximately forty specialists 
saw the patient during nine months. Every test was performed which 
might have a direct bearing on the phlebitis or any possible causative 
factor, without producing facts of significant value. Treatment of great 
variety was tried, including heat and cold, fungicides, abstinence from 
tobacco, several members of the sulfanilamide group, heparin, fever 
therapy, metholy! iontophoresis, short wave, almost ad infinitum, with 
essentially no effects on the course of the disease. We had about ex- 
hausted the possibilities. Then he developed mumps of a severe nature 
with orchitis. His temperature rose to 103.5° F. He became very ill; 
things looked black indeed. Suddenly his fever dropped to normal by 
crisis and he promptly recovered from his mumps. More important, his 
active phlebitis had disappeared and he made a complete recovery, much 
to his doctors’ amazement and relief. It may be significant that mumps 
is a virus disease. 

The treatment of thrombophlebitis may well be divided into: (a) 
preventive therapy; (b) conservative therapy; and (c) radical therapy. 
Our discussion must be limited to the problem of the acute phases, the 
chronic manifestations being sufficiently important to warrant a complete 
lecture in themselves. 
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Preventive Therapy has for a major objective the prevention of stasis, 
especially as it may occur postoperatively. The following techniques 
have been used: 

1. The use of reflex heat postoperatively as a routine procedure 
appears sound physiologically and practically. This may be achieved by 
the use of a heat pad covering some portion of the body. This will in- 
crease the rate of blood flow. It may be used constantly, although half 
hour periods of rest are suggested every three or four hours. Recently 
Edgar Allen and his coworkers have described an electric heating sleeve 
to surround an arm or leg during the first few days postoperatively. 

Thyroid extract was suggested for the same purpose some years ago. 
It was reasonable, but probably not as effective and has gone out of 
fashion. 

2. The proper position of the extremity has long been considered 
settled with the term “elevation.” It is superfluous to quote the innumer- 
able advocates of this stand. Friedlander’® has attempted to standardize 
the position in order to obtain the most completely free drainage of the 
veins and lymphatics. He has rightly pointed out that the course of the 
femoral vein in the prone position is a decidedly uphill one from the 
popliteal space to the inguinal area. In bedridden patients, therefore, he 
compensates for this by using the following position: Elevation of the 
thigh to an angle of 45° and the bending of the knee so that the lower 
leg is parallel to the mattress, with the heel slightly higher than the knee 
to insure a steady downhill flow of the blood and lymph. There should 
be no outward rotation at the hip, thus minimizing angulation and muscle 
pressure. This has been advocated as a preventive as well as a conserva- 
tive form of therapy. Recently Frykholm,"’ of Sweden, has investigated 
the original site of thrombosis and has obtained results strikingly differ- 
ent from the doctrines of Virchow and Aschoff, who held that the com- 
monest site of origin was the femoral vein and its valve pockets. He 
found in his series that by far the greatest number of thrombi occurred 
in the veins of the calf and adductor muscles. He reasons that this is due 
to the fact that while lying in bed the greatest pressure comes on these 
areas; the veins tend to collapse and after a period of time the intima 
becomes injured by pressure and thrombosis takes place easily. Logic- 
ally, according to his conception, the position of elevation, as generally 
used and described above, would be the worst possible position. He 
therefore advocates that for from one to two hours daily the head of the 
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patient’s bed be raised eighteen inches. This fills the veins, producing 
distention, and in addition the calf and adductor muscles are used as the 
patient slides down against the foot of the bed. He states that none of 
the patients treated this way developed thrombi but does not state the 
size of his series, so that the statistical significance cannot be evaluated. 
Ochsner and DeBakey** and many others feel that this position encour- 
ages stagnation of the blood and hence tends to produce thrombosis. It 
should be pointed out that Patey’® suggested this technique in 1937. 

Thus far, you must take your choice of these two approaches. We 
have not had sufficient experience with Frykholm’s technique to pass 
judgment as to its value in comparison to the technique of elevation. 

3. The need for mobilization postoperatively has been recognized 
for more than forty years.** ** Activity of the muscle groups may be 
undertaken by careful, planned exercises in the above mentioned posi- 
tions. Procedures as radical as walking the patient from the operating 
room, even after laparotomies, and daily after that, have been advocated, 
especially in eastern Europe. Here I enter a plea for a return to sanity, 
but patients should be encouraged to move their extremities frequently, 
in order to decrease the tendency to stagnation of the blood. 

Normal respiratory action produces negative pressure for the venous 
system and increases the circulatory return flow. Postoperatively this 
tends to be decreased, producing another factor in favor of stagnation. 
Patients should be urged to take at least ten deep breaths an hour and if 
necessary C Oz should be used as a respiratory stimulant.’* This should 
not be done if there is any question of a thrombosis actually having been 
started, since, as pointed out by Friedlander,” this powerful suction may 
greatly increase the risk of pulmonary embolism by breaking the throm- 
bus or a portion of it loose into the blood stream. Here every effort 
should be made to prevent deep respiration. 

4. The avoidance of dehydration postoperatively by adequate total 
fluid intake is important for numerous reasons as suggested by Coller 
and his co-workers’ and others. Dehydration increases viscosity, favor- 
ing circulatory retardation and thrombosis. 

5. One of the most common causes of retardation of venous blood, 
postpartum or postoperatively, is the use of very tightly applied adhesive 
strapping or other types of binders. This is especially serious across the 
inguinal region, compressing the femoral veins directly and possibly the 
pelvic veins indirectly. This we believe may well be a factor in the fre- 
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quency of initial phlebitis in this area. The prevention of this and all 
overly tight bindings wherever they may produce pressure on veins is 
important. 

6. The use of heparin for the prevention of thrombophlebitis has 
received its main impetus from the work of Crafoord** and of Murray 
and Best** and their collaborators. They have shown that the adminis- 
tration of sufficient heparin to prolong the clotting time will prevent the 
development of white thrombi and that in experiments where a given 
amount of injury initiates thrombosis, this can be inhibited by heparin. 
They are therefore encouraged to believe that the occurrence of throm- 
bosis and thrombophlebitis can be markedly diminished postoperatively 
by its use. As pointed out in this paper, enormous numbers of surgical 
cases would be necessary to establish this as a fact, and the technique 
of administration is somewhat elaborate, so that its routine administra- 
tion is not feasible. We have been using it in cases of vascular surgery, 
such as the repair of a false or ruptured aneurysm, embolectomy, and the 
repair of arteriovenous aneurysms. In some instances the interior of the 
vessels have been flushed with the pure solution. In addition, it is given 
intravenously in saline, preferably as a continuous infusion. As supplied 
now, each 5 cc. ampule contains 10,000 anticoagulant units. Two to four 
or more ampules are added to each 250 cc. of normal saline. The clotting 
time should be checked every hour or two by means of the glass bead 
method and should be kept, if possible, between 15 and 45 minutes, using 
more or less heparin as indicated. Heparin as a curative agent will be dis- 
cussed later. Too prolonged a clotting time may be associated with 
hemorrhagic risks. Discontinuance of heparin will usually bring the clot- 
ting time to normal within 30 minutes. Protamine solution will, in cases 
of emergency, act as a more prompt antidote. 

7. The use of hirudin, the active principle of leeches, as an anti- 
coagulant factor has been suggested by Mahorner and Ochsner,” 
Chalier** and Rouhier.”* In our experience this is of doubtful value and 
this is confirmed by the work of Mayer and Gottlieb, quoted by Fried- 
lander,"® who have calculated that a man of sixty kg. would require the 
hirudin of four hundred leeches to prevent clotting at any one time. 

8. The use of sodium thiosulphate intravenously for the prevention 
of the thromboembolic syndrome postoperatively has been advocated by 
Bancroft, Stanley-Brown and their associates** since before 1935. In 
patients who are potential “clotters” as determined by the prothrombin 
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and fibrinogen tests, i.e., those who show a high plasma clotting index 
and high fibrinogen, 10 cc. of 10 per cent solution of sodium thiosulphate 
is administered intravenously on three consecutive days and repeated 
after an interval of one day, if the above mentioned factors still show 
a clotting tendency. While these authors rightly point out that no one 
can predict whether any patient is going to develop thrombosis or 
thrombophlebitis, they have been encouraged by their preventive results 
in a large series of postoperative cases. 

g. In persistent, recurrent and migratory thrombophlebitis the ab- 
stinence from tobacco seems important. It appears clinically to play a 
part in the tendency to recur in certain patients. Of greatest importance 
is the fact that in approximately 40 per cent of patients with thrombo- 
angiitis obliterans, thrombophlebitis occurs and that in a high percent- 
age of these the initial syndrome is that of recurrent attacks of phlebitis. 
No one can be sure which of these cases is going on to develop throm- 
boangiitis obliterans and we know that the omission of tobacco is vital 
in the prevention of the extension of this disease. I have recently re- 
viewed the evidence for this stand.” It is certainly worthy of very seri- 
ous consideration in this group of cases and we make total abstinence a 
definite rule for our patients. 

to. A relationship between the incidence and recurrence of throm- 
bophlebitis of the lower leg and foot and epidermophytosis has been 
remarked upon in several clinics, including ours. Certain workers believe 
that the phlebitic syndrome is an allergic manifestation to the fungus, 
but I find this difficult to accept, because of the type of local and sys- 
temic reaction produced. It appears more likely to have an infectious 
basis. As stated above, Dunham? has cultured pieces of the inflamed 
veins of fifteen such cases but no evidence of fungus growth has been 
obtained. It still seems likely to be due to some organism as yet unde- 
termined, but the splitting of the skin by the fungus offers an excellent 
opportunity for the admission of many organisms. The prevention of 
subsequent attacks seems to be favorably affected by the treatment of 
the epidermophytosis. This, however, must again be treated statistically 
to be positively established. We use potassium permanganate, 1:7000, 
foot-soaks for 30 minutes daily and later on alternate days, long after 
the previous attack has subsided. Whitfield’s ointment, one-half strength, 


has also been helpful. 
11. The corrective treatment of any blood dyscrasia which tends 
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toward thrombosis should be undertaken. It may not be possible to 
achieve success, as in certain cases of leukemia. In some conditions it 
may not be advisable to return the count to normal levels. Each case 
must be studied on its own merits. A patient was referred to us for the 
treatment of his recurrent thrombophlebitis. A blood count revealed the 
presence of a polycythemia vera, with 8,500,000 RBC and 126 per cent 
hemoglobin and other findings in proportion. The significant point for 
this paper is that this patient develops thrombi whenever his blood count 
is above 4,500,000 with 75 per cent hemoglobin, but none when it is be- 
low 4,000,000 RBC. He feels best and generally stronger when we keep 
his red cells at about 3,000,000, and he is definitely safer. We have used 
acetylphenylhydrazine in carefully regulated, frequently adjusted dos- 
age to control his polycythemia vera. This constitutes preventive treat- 
ment in this patient. 

Conservative Therapy: Once a thrombus or thrombophlebitis has 
begun, certain changes in approach should be undertaken. 

i. Heat versus cold. The constantly recurring discussion regarding 
the merits of heat and cold therapy in medical practice has been a source 
of much controversy in the treatment of phlebitis. More recently the 
use of heat seems to be more popular on the basis of (1) reducing the 
spasm and the extension of the thrombosis to nearby veins, (2) encour- 
aging collateral circulation and (3) hastening normal involution of the 
lesion. These are all good theoretical reasons, but in actual practice we 
have seen numerous instances where the lesion continued to spread with 
the use of heat, but promptly regressed, clearing up quickly, upon the 
application of cold. This has happened frequently enough to appear to 
eliminate the factor of pure coincidence. We have therefore adopted the 
policy of starting with one of these agents, but if the trend of the disease 
is not favorable after a reasonable trial, shifting to the other. If heat is 
to be used, adequate hot, wet packs should envelop the entire limb. 
Barker’s' technique is suggested. The skin is covered with petrolatum 
and then gauze. Blanket material soaked in hot water, then wrung out, 
is wrapped around the leg. This is surrounded by a rubber sheet and hot 
water bottles outside to keep in the heat. This must be changed as often 
as necessary to provide heat. Dry heat does not appear to be as satis- 
factory. 

If cold is used, it should be in the form of an ice cap applied locally, 
over a towel, on alternating hours. 
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It is entirely possible that rest does the work for which these agents 
are credited. 

2. Probably the greatest source of disagreement arises between the 
two schools of thought—one advocating immobilization in bed with only 
mild movements, the other advocating compression bandages with un- 
limited activity. The policy to be followed must be decided early in 
each case, since the greatest danger from emboli comes with a program 
of rest for a few days, then activity before the thrombus has been com- 
pletely fixed and fibrosed. The advocates ' of unrestricted activity 
usually advise the application of compression bandages. They claim that 
embolic phenomena never occur with unrestricted activity and Meyer” 
insists that the patient 2ust walk daily for a distance of three miles in 
sections of at least one-half mile. The theory for this approach rests on 
the desirability of supporting the venous walls while encouraging the 
muscles to pump the blood along, thus increasing the circulation and 
preventing tips of thrombi from extending out into the lumen of the 
next vein. The bandages and muscular contraction also tend to fix the 
thrombus to the wall of the vein. By some formula of theirs the 7 to 9 
hours the patient spends in bed at night are not thought to result in ex- 
tension of thrombi. There are several things wrong with this theory as 
it applies to general use. In the first place, many patients, especially post- 
operatively, are entirely too sick to indulge in this activity. In the second 
place, it cannot apply to phlebitis, as it occurs elsewhere than the leg 
and thigh. In the third place, emboli do occur following this form of 
treatment. I have seen such instances in consultation. And lastly, I 
should like to recite a case history to exemplify how wrong it is to be- 
come so intrigued with a particular form of therapy that the patient is 
forgotten. A delicate elderly lady developed a mild case of phlebitis of 
one of the veins on the lateral aspect of her right ankle. She visited one 
of these gentlemen who bandaged her leg firmly and said “walk three 
miles a day,” as he ushered her out. She had not walked three miles a 
day for many years, but now with a painful leg she proceeded to attempt 
it. After four days she was in a state of collapse; her temperature was 
104° and the phlebitis had extended to her groin. She was desperately 
sick for months. This is why we advocate a careful study of each case 
without adoption of fads, but rather the treatment of each patient as 
indicated. There may be a few patients with a mild local involvement 
who will tolerate exercise with proper support; I have seen such cases. 
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In my experience they represent a minority, but because the percentage 
of pulmonary emboli is really fairly low, many patients do escape re- 
gardless of the treatment. If a compressive bandage is applied, it should 
be done with great care so that the patient experiences no pain or dis- 
comfort after the application. Various preparation bandages of zinc gela- 
tin or elastic twill bandages have been used. Do not make the mistake 
made by one physician who went a step further by bandaging a rubber 
sponge over the inflamed vein, thus massaging it at every motion with 
very disastrous results. 

For most patients it seems wiser to adhere to the conservative rest 
policy with the position of the leg elevated as previously described. The 
technique of lowering the leg several times a day is preventive rather 
than curative. The rest should continue for three weeks or more, 
depending on the clinical response. In patients who have a high sedimen- 
tation rate (and not all do) the sedimentation rate should be normal one 
week before allowing them up. Mild muscular exercise in bed should be 
encouraged, but no massage. Friedlander’? advocates a compression 
bandage in bed and here it may be of some help in fixing the thrombus 
in place. 

3. We have been using sulfanilamide, sulfapyradine and sulfathiazole 
in these conditions during the past two years. The clinical results seem 
encouraging. There are instances however, where they have been useless 
and we cannot say as yet that their value is definitely proven. Four 
chronic, persistent cases have apparently been completely cleared up by 
a course of sulfapyradine for one month. Two have failed to respond. 

4. Ina small series of cases of thrombophlebitis we have used hepa- 
rin. It has appeared to speed up the clinical improvement, but the num- 
bers were too small to warrant conclusions. 

Murray and Best** reported twenty-eight patients with no emboli 
and more rapid clinical improvement. They have since increased their 
series, but it is still small for statistical treatment. The therapy is continu- 
ous and trying to the patient, so that we now reserve it for patients who 
have had an embolus or whose disease is very actively spreading. Here it 
has appeared to change the course of the situation favorably in several 
cases under our observation. It is administered as previously described. 

5. Inasmuch as we have failed to see any response to the use of 
leeches in a number of patients, I shall not discuss it further at this time. 
Sodium thiosulphate is used as a preventive, but Bancroft** does not feel 
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that it is of value after thrombophlebitis has begun and we share that 
opinion. 

6. Murphy*® and Sokolov and Meyers*' have reported favorable 
results and have recommended the use of Mecholy! iontophoresis in the 
treatment of active thrombophlebitis. We have tried it on a small series 
of cases with some encouraging results, but the series is too small to 
permit conclusions. 

As we have previously demonstrated* it is of value in handling the 
chronic aftermath of this syndrome, but that is another chapter. 

7, 8, 9. For the reasons described above, the abstinence from to- 
bacco, the treatment of epidermophytosis and the treatment of blood 
dyscrasias should be undertaken where indicated and by the methods 
outlined. 

10. The use of the technique of sympathetic ganglion block with 
procaine hydrochloride as a conservative form of therapy has recently 
been advocated by Ochsner and DeBakey.'* ** This was inspired by the 
work of Leriche and Kunlin** and their co-workers. It is based on the 
fact that vasospasm is frequently one of the most important factors in 
thrombophlebitis from the viewpoint of production of pain and disturb- 
ance to the venous circulation and reflexly by affecting nearby veins and 
even arteries and sometimes this may simulate arterial embolism. The 
lymph flow may also be retarded. The object in interrupting the vaso- 
constrictor impulses by infiltration of the sympathetic ganglions with 
procaine hydrochloride is the reéstablishment of the normal exchange 
of intravascular and perivascular fluids and a breaking up of the vicious 
circle. Ochsner and DeBakey have reported favorable results as follows: 
Pain was relieved within one-half hour after the first injection in 86.3 
per cent of cases and in the remainder after the second injection. This 
relief was permanent. More than 50 per cent of the patients were free 
from fever within 48 hours after treatment. Forty per cent of the pati- 
ents showed subsidence of edema within 4 days. Two-thirds of the pati- 
ents were discharged from the hospital within 8 days and go per cent 
within 12 days. One patient out of twenty had a pulmonary embolism. 
They state that in follow-up studies for from 4 to 12 months there has 
been no recurrence of edema or other postphlebitic manifestations. These 
are indeed remarkable figures. In other hands the results, while encour- 
aging, have not been quite so good. I know of two cases of pulmonary 
embolism in one series of five cases. While the symptom complex may 
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be changed, it is difficult to see how this, per se, would affect the actual 
inflammatory process of a thrombophlebitis, including the development 
of a growing clot. Is not the tendency to move about early inviting 
added risk of embolism? Their series shows a very low incidence, but 
the number is again too small for statistical interpretation. 

11. X-ray Therapy: Mention should be made of x-ray therapy, as 
used by Carty and others. This technique has apparently been successful 
in arresting the progress of certain cases of thrombophlebitis. Our expe- 
rience with this method is extremely limited, but I have seen several 
patients in whom it was successful and a few others in whom it failed. 
It is only fair to say that the limited use of this method to date prevents 
any final conclusions as to relative merit as compared with other forms 
of treatment. 


Tue RapicaL THERAPY OF T HROMBOPHLEBITIS 


Conservative therapy is usually adequate. In some instances, because 
of location, a radical approach is not feasible. Occasionally, with an 
actively progressive lesion, especially with suppurative thrombophlebitis, 
ligation of the vein well above the lesion may be indicated in an attempt 
to prevent extension. This was first performed by Hunter in 1784.*° 
Many have since advocated this procedure by a variety of techniques, 
some of which include excision of a portion of the vein. The most fre- 
quent site of this operation is the femoral vein just peripheral to the 
junction with the deep femoral vein. One object of the procedure is the 
prevention of embolism, but we know of two patients with pulmonary 
emboli shortly after the ligation. It is thus no guarantee against embol- 
ism. Two possibilities suggest themselves. Either the wall of the vein was 
inflamed above the ligation so that another thrombus started above the 
ligation (we know that this can happen) or another unknown vein was 
involved with thrombophlebitis. Both of the above mentioned patients 
had received sympathetic blocks prior to the ligation. 

Ligation and retrograde injection, especially by the technique 
described by Pratt** constitutes a definite advance in the treatment of 
varicosities, but it is doubtful whether this technique should be applied 
if there is any evidence of active inflammation. In this Pratt concurs. 

Incision and drainage is very rarely advisable and should be restricted 
to frankly suppurative cases. Thrombectomy has been advocated by cer- 
tain workers**:*8 since the time of Demons*® (1881), on the basis that it 
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reduces the incidence of pulmonary emboli and the tendency to reflex 


vasospasm. Kulenkampft 


*° recently reported sixty-one cases advocating 


that after removal of the thrombus the vein should be ligated proximally. 
The risk of emboli would obviously be reduced by performing the liga- 
tion first and then there would be doubt of the value of the throm- 


bectomy. 


to 





SUMMARY 


In summary, an attempt has been made to survey the present status 
of knowledge and theory regarding thrombophlebitis. The next few 
years should produce marked advancement in our understanding of this 
problem and will undoubtedly revise many of our present conceptions. 


REFERENCES 


Barker, N. W. 
The diagnosis and treatment of cardio- 
vascular edited by William 
Stroud, Philadelphia, Davis, 1940, chapt. 
56. 

Dunham, W. and Wright, I. S. 
tural studies of thrombophlebitis. 


Thombophlebitis, in: 


disease, 


Cul- 
Un- 
published data. 

Mellanby, J. The coagulation of the 
blood, J. Physiol., 1909, 38:28; Pro- 
thrombase, its preparation and proper- 
ties, Proc. Roy. Soc. London, ser. B., 
1930, 107:271; and Thrombase, its prep- 
aration and properties, ibid., 1933, 113: 
93. 

Ferguson, J. H. Intermediary calcium 
complex in blood coagulation, Am. J. 
Physiol., 1937, 119:755; and The blood 
calcium and the calcium factor in blood 
coagulation, Physiol. Rev., 1936, 16: 640. 
Mellanby, J. Heparin and blood coag- 
ulation, Proc. Roy. Soc. London, ser. B, 
1934-35, 176:1. 

Howell, W. H. and Holt, F. 
circulation—heparin 


Two new 
factors in blood 
and pro-antithrombin, Am. J. Physiol., 
1918-19, 47:328. 
Howell, W. H. The coagulation of the 
blood, Harvey Lectures, 1916-17, 12: 
272; Theories of blood coagulation, 
Rev., 1935, 15:435; Hemo- 
York Med., 
Text-book of physi- 


Physiol. 


Acad. 


philia, Bull. New 
1939, 


15:3; and 


10. 


- Quick, A. J. 


ology. 12. ed. 


1933. 


Philadelphia, Saunders, 


On the coagulation defect 
in peptone shock, 4m. J. Physiol., 1936, 
116:535; and On the action of heparin 
and its relation to thromboplastin, ibid., 
1936, 115:317. 
Glénard, F. 

tion spontanée du sang a son issue de 


Des causes de la coagula- 


lorganisme, Compt. rend. Acad. d. sc., 
1875, 81:102. 

Baumgarten, P. Die sogenannte Organ- 
isation des Thrombus. Leipzig, Wigand, 
1877; Zur Lehre vom rothen Thrombus, 
Zentralbl. f. d. med. Wissensch., 1877, 


15:131; and Entziindung, Thrombose, 
Embolie und Metastase im Lichte neu- 
erer Forschung. Munich, Lehmann, 
1925. 


Friedlander, E. Diagnosis and _ treat- 
ment of thrombosis and embolism. Un- 
Kolloidchemische 
Vorgange bei kunstlichen und bei der 


published data; and 


spontanen ‘Thrombose, Wien, Klin. 
Wehnsechr., 1937, 50:14651. 
Friedlander, E. and Sgalitzer, M. Die 


Phlebitis migrans und ihre Behandlung, 
Med. Klin., 1938, 43 : 223. 

Dietrich, A. Thrombose, ihre Grund- 
lage und ihre Bedeutung. Berlin 
Vienna, Springer, 1932; Endothelreak- 
Thrombose, Miinchen med. 
1929, 76:272; 


and 


tion und 


Wehnschr., and Endo- 














Thrombophlebitis 








wn 


20. 


bo 


99 


23 


24. 





. Lahn, F. 


. Frykholm, R. 


. Richardson, M. H. 


. Crafoord, C. 





karditis und Allgemeininfektion, ibid., 
1928, 75:1328. 
W. 

Virchows 


Untersuchungen _iiber, 
Thrombose, Arch. f. path. 
Anat., 1875, 62:81; and De la formation 
des thrombus, Rev. méd. d. 1. 
rom., 1881, 1:18. 

Edwards, J. E. Edwards, E. A. 
The saphenous valves in varicose veins, 
Am. Heart J., 1940, 19:338. 
Circulatory diseases of the 


Suisse 


and 


Homans, J. 
extremities. New York, Macmillan, 1939. 
Meyer, O. Phlebitis. New York, Savoy 
Book Publishers, 1940. 


3. Allen, E., and Brown, C. E. Simplified 


method of producing continuously an 
increased blood flow to the extremities. 
Presented before the American Heart 
Association, New York, June 8, 1940. 
The pathogenesis and 
mechanical prophylaxis of venous 
thrombosis, Surg., Gynec. & Obst., 1940, 
71:307. 


. Ochsner, A. and DeBakey, M. Therapy 


of phlebothrombosis and thrombophle- 
hitis, Arch. Surg., 1940, 70:208. 

Patey, D. H. Artificially induced throm- 
bophlebitis, Surg., Gynec. & Obst., 1937, 
64:1002. 

Ries, E. Some radical changes in the 
after treatment of celiotomy cases, 
J.A.M.A., 1899, 33:454. 

On certain unavoid- 
able calamities following surgical oper- 
ation, Boston M. & S. J., 1904, 151:583. 
Coller, F. A. Studies 
ance, dehydration and administration of 
parenteral fluids, Minnesota Med., 1936, 
19: 490. 

Coller, F. A., Dicks, V. S. and Maddock, 
W. G. Maintenance of normal water ex- 
change with intravenous fluids, J.4.M.A., 
1936, 107 : 1522. 


in water bal- 


Preliminary 
postoperative treatment with heparin as 
a preventive of thrombosis, Acta. chir. 
1936-37, 79:407; He- 
parin and _ postoperative thrombosis, 
ibid., 1989, 82:319. 

Murray, D. W. G., Jaques, L. B., Per- 
rett, T. S. and Best, C. H. Heparin 
and thrombosis of veins following in- 
jury, Surgery, 1937, 2:163. 


report on 


Scandinav., and 


bo 
ii 


30. 


31. 


34. 


Murray, D. W. G., and Best, C. H. 
Heparin and thrombosis; present situa- 
tion, J.A.M.A., 1938, 110:118. 

Best, C. H. Heparin and thrombosis, 
Brit. M. J., 1938, 2:977. 

Mahorner, H. R. and Ochsner, H. The 
use of leeches in the treatment of phle- 
bitis and the prevention of pulmonary 
embolism, Ann. Surg., 1933, 98:408. 
Chalier, A. La prévention et le traite- 
ment abortif des phlébites post-opera- 
toires, Presse méd., 1938, 46:1345. 
Rouhier, G. A de_ utilisation 
des sangsues comme préventif des phlé- 
bites post-operatoires, Mém. Acad. de 
chir., 1938, 64:356. 
Bancroft, F. W., 
and Quick, A. J. 
bosis and embolism, Am. J. Surg., 1935, 
28: 648. 

Bancroft, F. W., 
and Chargaff, E. 
bosis and embolism, Ann. Surg., 1937, 
106 : 868. 
Bancroft, F. W. 
tion. 

Wright, I. S. 
of occlusive arterial 
Surg., 1940, 40:163. 
Murphy, H. L. The treatment of throm- 
bophlebitis with acetyl-betamethyl chol- 
ine chloride iontophoresis, Surg., Gynec. 
& Obst., 1937, 65:100. 

Sokolov, R. A. and Meyers, M. P. The 
treatment of deep thrombophlebitis and 
chronic leg ulcers with acetyl-beta- 
methyl-choline chloride iontophoresis, 
Am. Heart J., 1939, 17:316. 

Saylor, L., Kovacs, J.. Duryee, A. W. 
and Wright, I. S. The treatment of 
chronic varicose ulcers by acetyl-beta- 
methyl-choline chloride 
J.A.M.A., 1936, 107:114. 
Ochsner, A. and DeBakey, M. Throm- 
bophlebitis; the role of vasospasm in the 
production of its clinical manifestations, 
J.A.M.A., 1940, 114:117. 

Traitement chirurgical des 


propos 


Stanley-Brown, M. 
Postoperative throm- 


Stanley-Brown, M. 
Postoperative throm- 


Personal communica- 


Conservative treatment 


disease, Arch. 


iontophoresis, 


Leriche, R. 
suites éloignées des 
grands oedémes non médicaux des mem- 
bres inferieures, Bull. et mém. Soc. nat. 
de chir., 1927, 53:187. 

Leriche, R. and Kunlin, J. 


des phlébites et 


‘Traitement 








372 


THE BULLETIN 
























36. 


immédiat des phlébites postopératoires 
par infiltration novocainiques du sym- 
pathique lombaire, Presse méd., 1934, 42: 
1481; and Tratamiento immediato de la 
flebitis post-operatorias par la infiltra- 
cién del simpatico lumbar, Crén. méd. 
mex., 1934, 33 :389. 

Hunter, J. Observations on the 
flammation of the internal coats of 
veins, T'r. Soc. Improvement Med. §& 
Chir. Knowledge, 1793, 1:18. 

Pratt, G. H. Segmental sclerosis of 
the saphenous vein for varicose veins, 
ulcers and diminished arterial supply, 
J.A.M.A., 1939, 113:925; and Surgical 
treatment of varicose veins and ulcers 


in- 


38. 


40. 





by segmental sclerosis, Am. J. Surq., 
1939, 44:31. : 
Biidinger, K. Operative Behandlung 
der akuten zirkumskripten phlebitis, 


Wien. klin. Wehnschr., 1912, 25:1217. 
Liaiwen, A. Uber Thrombektomie bei 
Venenthrombose und Arteriospasmus, 
Arch. f. klin. Chir., 1937, 189 :53. 
Demons. Contribution au 
antiseptique des phlébites, Bull. et mém. 
Soc. de chirurgiens de Paris, 1881, 7: 
878. 

Kulenkampff, D. Die 
schwerer oder tédlicher Embolien durch 


traitement 


Verhiitung 


Ausriitumung der Vena iliaca, Arch. f. 
klin. Chir., 1938, 193 :727 


fad. 











HI 


19., 


ing 
itis, 
bei 


lus, 


ent 
ém. 


ing 
rch 


MAY I94I1 373 











NEWER KNOWLEDGE OF BLOOD 
TRANSFUSIONS * 


Joun Scupper, Cuarces R. Drew, Exizasetn TurTHitt, B.Sc., 
AND Marcaret E. Smirtu, Px.D. 


@seseseseseseURet' in 1914 reported on combating experimental hemor- 

rhagic shock in dogs by infusing red cells suspended in 

Locke’s solution after discarding the plasma. Subse- 

quently, Rous and Turner? demonstrated that the lon- 
& fy gevity of the red blood cells could be enhanced if such 
erythrocytes were kept in a dextrose-citrate solution in a refrigerator. 
These two experimental observations led Robertson* to use preserved 
red cells in treating the wounded at the casualty clearing stations of the 
Third Army of the B. E. F. during the first World War. Twenty-two 
such red cell transfusions, some fortified with gelatin, were given to 
twenty individuals. Of these, eleven were discharged to the base hos- 
pital and nine died. Among the latter, all except one were temporarily 
benefited by the stimulating effect of the cells. 

Perry* extended the preservation of erythrocytes by showing that 
the oxygen-carrying power of the red blood cells was maintained bet- 
ter in a solution of dextrose and lithium citrate than in one containing 
sodium citrate. Cells so preserved were transfused to man after removing 
the supernatant plasma. 

Prior to this use of preserved cells, Richard Weil,’ in 1915, had 
transfused citrated human blood which had been kept for several days 
in cold storage. 

The observations of Yudin® on the transfusion of stored cadaver 
blood and the experimental wide scale use by Duran Jorda*-"* of con- 
served citrated blood during the Spanish Civil War stimulated investiga- 
tions in many laboratories.'* '*: 1° 

In the present war, plasma or serum is being used in preference to 
both red cell and preserved blood transfusions. 

What has led to this complete reversal in current medical thought? 


* Presented before The New York Academy of Medicine, January 17, 1941, in the Friday Afternoon 
Lecture Series. This study was made possible by a grant from the Blood Transfusion Better 
ment Association, New York, New York. From the Surgical Pathology Laboratory of the College 
of Physicians and Surgeons, Columbia University, New York, New York. 
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Red Blood cells 


Mean cell diameter 


(Halometer method) 


Hemoglobin 
(Hellige) 
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Polymorphonuclear 
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Basophiles 


Lymphocytes 


Monocytes 


Thrombocytes 


Donor 
Blood 


Anticoagulant 


Test tube 


(venous ) 


Mixing of sample 


lime of experiment 


Taste I 


CELLULAR ELEMENTS OF 





PRESERVED BLOOD 








Over 30 days in refrigerator at 4-6° C. 


Heparin™ 


Cell counts at constant level 


for a month 


20 per cent decrease in 30 days 


Total remains constant 
15-25% in plasma in 30 days 


50% decrease in 24 hours 


Show earliest and most rapid 
degenerative changes with nu- 
clei losing shape. 50% decrease 
in 48° 


changes in size, 
qualities 


Show least 
shape and _ staining 
over 1 month. 


Retain shape, size and staining 
properties better than neutro- 
philes. Recognizable at end of 
30 days 


More resistant than neutro- 


philes 


Rapid decrease during first 3 
days 


Sodium citrate™ 


Moderate destruction of ery- 
throcytes after 15th day with 
decrease of 1,000,000 to 1,500,- 
000 at end of 30 days 


Total remains constant 
15-25% may diffuse out in 30 
days 


Fall 27% in first 5 days 


Nuclear changes in 24 hours. 
In 48 hrs. 50% decrease. In 15 
days liquefaction and droplet 
formation becoming — subse- 
quent smudges 


Well preserved at end of 30 
days 


Well preserved at end of 30 
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More resistant than poiy- 
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Recognizable at end of 30 days 


Difficult to trace 
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Type O 


5.0 ee. 
5. mg. dry heparin (Con- 
naught) 
Round bottom—Internal di- 


ameter 1.1 cm. 


0.5 ce. plasma removed for K 
analysis after certrifugation 1 
hr. 3000 RPM. Blood mixed 
inverting tube 15 x. 


Fall, 1938 


Type O 
$.5 ce. 
citrate 


0.5 ce. sodium 


solution 


Flat bottom—Internal 
meter 1.6 cm. 


3.5% 


dia- 


Shaking 


Winter, 1939. 
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CELLULAR CHANGES IN HEPARINIZED BLOOD 
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Figure 1 


The answer lies in the fact that blood on leaving the vascular system 
starts to undergo degeneration immediately.”” To appreciate what some 
of these changes are, will enable one to use those measures which will 
hinder or retard them, thereby prolonging the usefulness of preserved 
blood. 

The following report deals only with the work done in our labora- 
tory. It will be treated under three separate heads: 

1. Changes which occur in the cellular elements of the blood. 

2. Changes which occur in the electrolyte distribution. 

3. Changes which appear in the protein patterns.* 


CHANGES IN THE CELLULAR ELEMENTS 


Methods. Two sets of experiments were carried out. Equal amounts 
of freely flowing venous blood were collected in each of thirty-five 
sterile test tubes. The first used dried heparin (Connaught); the second 
used sodium citrate solution as anticoagulant. The results are tabulated 
in Table I and a few of the changes are illustrated in Figs. 1-5.2*** 

It is apparent that changes take place with both anticoagulants. The 


neutrophilic leukocytes show the earliest alterations. 


These were carried out under D. A. Maclnnes of the Rockefeller Institute for Medical Research.” 
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CELLULAR CHANGES IN CITRATED BLOOD 
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CHANGES IN ELECTROLYTE DIsTRIBUTION 


The Permeability of Erythrocytes to Sodium and Potassium. The 
exit of the potassium ion from certain plant cells is one criterion of the 
permeability, for the integrity of the cell is unlikely to be maintained 
under adverse conditions on account of the steep concentration gradient 
which exists between the intracellular potassium and that of the external 
solution.**-*7 

Giirber** reported the impermeability of erythrocytes to sodium and 
potassium, but Hamburger and Bubanovic” pointed out in 1910 that 
if the salt concentration of the serum is changed, or the carbon dioxide 
tension altered, both cations will readily cross the cell membranes. 

In vivo, disturbances in both the plasma potassium and sodium ion 
concentrations occur.*®: #1, *, 38, 34, 3 

In vitro, a rapid diffusion of the potassium ion from the erythrocytes 
into plasma transpires. *7 **. 9%, 8. 3° With this, there is an associated low- 
ering of the sodium ion.’ * * 

These changes were reinvestigated with the hope of ascertaining 
some underlying mechanism. 

Analytical Procedure. Sodium was precipitated as uranyl zinc sodium 
acetate according to the method of Butler and Tuthill.** Potassium by 
a modification of the argenticobaltinitrite method.**. ** *.** Ammonia 
nitrogen by the isothermal distillation method of Conway.” 

Preliminary Analyses. Similar quantities of venous blood were col- 
lected from the same donor in three separate hematocrit tubes. In the 
first, there was no anticoagulant. In the second, there was placed exactly 
1 milligram of sodium heparin. In the third, 0.5 cc. of 3.5 per cent 
sodium citrate solution was mixed with exactly 4.5 cc. of blood. 


RESULTS OF PRELIMINARY ANALYSES FOR SODIUM 








l Serum sodium ake ethne waht eee 321.7 mg. % 139.8 M. eq/I. 
2 Heparinized plasma sodium* 317.9 mg. % | 138.1 M. eq/L 
3 Citrated plasma sodium* | 328.9 mg. % | 142.8 M. eq/L. 





* Corrected for sodium in anticoagulant. 


Next, an attempt was made to establish a series of normal values, 
using each of the anticoagulants. 

Experiment 1. Blood samples were collected from each of eight nor- 
mal individuals into hematocrit tubes with an internal diameter varying 
between 6 and 7mm. and containing exactly 1 milligram of the sodium 
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Taste II 


PLASMA SODIUM IN NORMAL HEPARINIZED BLOODS 


Corrected for Sodium in Anticoagulant 


Milliequivalents 


Number Milligrams Per Cent tar iio 
l 320.1 139.2 
2 319.9 139.1 
3 323.4 140.6 
1 316.0 137.4 
5 316.7 137.7 
6 322.0 140.0 
7 317.9 138.2 
8 317.9 138.2 
Tape Ill 


PLASMA SODIUM IN NORMAL CITRATED BLOODS 





Corrected for Sodium Added 


Milliequivalents 





Number Milligrams Per Cent Mop Kies 

1 317.3 138.0 
2 318.0 138.3 
3 337.8 146.9 
4 316.8 137.8 
5 315.5 137.2 
6 309.8 134.7 

319.2 ~ 138.8 


salt of heparin. The results of the plasma sodium analyses are recorded in 
Table II. These compare closely with the accepted values. 

Experiment 2. In a manner similar to Experiment 1, the range of 
normal values was checked on citrated blood plasma. The results are 
listed in Table III. 
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Experiment 3. Uniform samples of blood were obtained from each 
of nineteen flasks at the time of giving the preserved blood transfusions. 
After centrifuging, the plasma was analyzed for its ammonia, potassium, 
and sodium content. The corrected results are tabulated in Table IV. 

Stored blood loses potassium at a constant rate from the cells. The 
extreme values recorded show a decrease of 30.7 milliequivalents for 
plasma sodium during the first week. Sodium, therefore, enters the red 
blood cells rapidly during the first five days and then approaches at a 
steady state. During the same period, there is an increase of 29.3 milli- 
equivalents of potassium.** With these changes, ammonia nitrogen had 
increased to 0.58 milliequivalents per liter. 

A possible explanation may lie in the work of Jacques** who 
demonstrated that changes in ammonia concentration alter the per- 
meability of the sea algae, Valonia macrophysa Kiitz, to both sodium 
and potassium.**** 

Conway * saw a sharp rise in ammonia concentration occur within 
the first few minutes after the shedding of blood; this was slowed by 
collecting blood under COs. 

The permeability of the erythrocyte protoplasm to cations has been 
widely investigated. *” **°° Certain factors, however, such as an increase 
in CO, tension** or change in fluid medium,"' or change in pH® will 
markedly alter this state of “selective permeability.” 

Maizels™ in 1935 indicated that moderate shifts in pH do not alter 
the permeability of erythrocytes in respect to sodium and potassium; 
pronounced changes do affect the permeability, however. 

It has been noticed that among the different preservatives used in 
blood storage, the one containing glucose and salt in the proportions sug- 
gested by Rous and Turner* prevented hemolysis but did not alter the 
outward diffusion of potassium.*® The pH of the plasma which had been 
preserved with Rous’ solution was 7.1. Others, reporting their results on 
blood stored in glucose, record a fall in the pH of such specimens. 

Sheep’s blood preserved with and without CO, revealed marked dif- 
ferences in both hydrogen and ammonia ion concentrations.” 

To test again the effect of CO, on human blood, the following con- 
trolled observations were made: 

In each of the eight experiments, blood was obtained in the usual 
manner from a different individual, isotonic solution of sodium citrate 
being used as the anticoagulant. One half of the sample was drawn into 
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an atmosphere of carbon dioxide while the control was collected in air. 
The details of the experiment have been previously reported.* 

Results. The results of one of these experiments in which determina- 
tions of the concentrations of ammonia, sodium, and potassium ions were 
made at intervals during a two-week period is recorded in Table V. It 
is noted that the concentration of the ammonia ion in the blood taken 
under carbon dioxide was lower; the rates of potassium and sodium 
changes slower; and the pH nearer neutral at the end of the experiment. 

The concentration of ammonia ion in the control, beginning at 0.07 
milliequivalents per liter rose to 0.67; in the CO, environment, it began 
at 0.01 and rose to 0.31. The increase in the concentration of ammonia 
ion for the two-week period in the blood taken in CO, is, therefore, only 
so per cent of the increase noted in blood taken in air. Plasma sodium 
values decreased in the cont-ol 19.7 milliequivalents per liter; in CO.,, 
10.8. Plasma potassium values increased in the control 19.0 milliequiva- 
lents per liter; in CO,, 11.4. 

The plasma pH value in CO: approached the normal more closely 
than did the samples taken in air. Hemolysis in the latter was greater 
than in blood collected in carbon dioxide. 


CONCLUSIONS 


1. There is a rapid, constant decrease in sodium in the plasma of 
preserved blood. 

2. This decrease is roughly inversely proportional to the increase 
in plasma potassium. 

3. There is a suggestive evidence that, with an increase in ammonia 
content of blood plasma, permeability of the erythrocyte protoplasm to 
these two ions is changed. 

4. Blood drawn under carbon dioxide maintains a plasma pH value 
nearer neutral than blood drawn in air. 

5. Changes in the plasma concentrations of ammonia, sodium, and 
potassium ions in such blood collected in CO, is less than in air. 

6. Hemolysis is retarded by collecting blood in an atmosphere of 
carbon dioxide. 


CHANGEs IN CaLcrtumM, MaGnesiuM, AND PHospHorus CONTENT 


Of the six minerals commonly present in living matter calcium has the 
greatest tendency to form insoluble salts.** In man, it occurs in the form 
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of the phosphate or carbonate and may be divided into two forms: dif- 
fusible and indiffusible. The former is capable of existing in the ionized 
state and only a small portion is ever actually dissociated from its very 


stable salts.™ 

In the body it exists as tricalcium phosphate, a relatively insoluble 
compound; but under the influence of carbonic acid of the plasma, it is 
partly converted to the more soluble calcium bicarbonate and calcium 
hydrogen phosphate. 


Cas (PO,)2 T 2H2COs; _—> 2CaHPO, a Ca(HCQs):» eng 
2Ca** + 2HPO, + Catt + 2HCO;s— 


Methods. Calcium was determined by the method of Clark and Col- 
lip, the final titration being done against a standard sodium oxalate 
solution. 

Phosphorus, determined as phosphate, was done by an adaptation of 
the methods of Clark and Collip® and Fiske and Subbarow.® Follow- 
ing the suggestion of Gamble the base equivalence is 1.8 times the 
molecular concentration of HPO,. An adaption of several methods™ °°. 
was used in determining magnesium. 

Procedure. From a voluntary donor, 450 cc. of blood was drawn in 
air into a bottle containing 50 cc. of 3.5 per cent sodium citrate solution, 
and then divided into twelve equal portions and kept in a refrigerator. 
On the plasma of one sample, calcium, magnesium, and phosphorus ana- 
lyses were done on the day of collection and on the following day. 
Then, on every second day, two tubes were taken. From one, the 
plasma was immediately removed; from the other, only after inverting 
five times and centrifuging for thirty minutes. 

Results. The results are presented in Table VI and Table VII and 
indicate the changes which took place during nine days. Each is an aver- 
age of at least two separate determinations by two individuals. 

Discussion. Joseph and Meltzer™ reported in 1910 that the toxicity 
of the chlorides of magnesium, calcium, potassium, and sodium varied in 
almost inverse proportion to the quantities found in blood, particularly 
in the plasma. Since plasma potassium concentration is greater than 
plasma magnesium concentration, significant increases in the latter, ac- 
cording to this theory, would be more toxic. These results indicate that 
during the nine day observation period, there is very little outward dif- 


fusion of magnesium. 
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Taste VI 


PLASMA CALCIUM AND PHOSPHORUS CHANGES IN PRESERVED BLOOD 























i Calei ium | Phosphorus 
A ge in res aE Mag NE rt aoe gets ; “amg erin io ~ 
Days Before Shaking | : After Shaking Before Shaking | After Shaking 
. | Mg.% |M.eq./L.| Mg.% |M. eq./L. | Mg. % | M. eq. /L.| Mg. % | M. eq./L. 

0 | 92 | 46 | | 3.6 2.1 

1 | 88 | 44 8.7 44 | 35 2.0 3.4 1.97 

3 8.9 4.5 87 | 44 3.4 197 | 34 1.97 

5 8.6 4.3 92 | 46 3.5 2.0 3.6 2.1 

7 8.7 4.4 8.7 4.4 as | 22 | 86 | 2.1 


9 | 91 4.6 9.1 4.6 3.7 2.1 4.0 2.3 
| | 


Taste VII 


PLASMA MAGNESIUM CHANGES IN PRESERVED BLOOD 





‘Magacclan | in n Milliequivalents j per Liter 





Age in es es Manhiictns, pecnisctad a 
Days “Be fore Shaking After Shaking 
0 2.3 . 
| 
1 33 2.35 
| | 
3 2.5 2.4 
5 2.6 24 
7 2.5 2.5 
| 
9 2.4 2.4 


SUMMARY 


The plasma calcium ion concentration of preserved blood re- 
mains constant for a period of nine days and is not increased by 
shaking. 

2. There is no definite increase in the plasma phosphorus content. 
This is not accentuated by shaking, even in the nine-day old blood. 

Magnesium diffuses out of the erythrocytes of stored blood at 
a very slow rate, if at all. Shaking apparently does not increase this. 

The actual increase in magnesium at the end of nine days’ storage 
appears to be too small to account for any toxic manifestation following 


transfusions of such preserved bloods. 
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Taste VIII 


ACID-BASE COMPOSITION OF FRESH BLOOD PLASMA 


(Expressed in Milliequivalents per Liter) 


Base Acid 
Gamble Gutman Ton Gamble Gutman 


142 142 HCO,’ 27 28 
5 5 Cl’ 
5 HrO,°* 
2 so,’ 
Org. Ac. 


Protein 


Total 


CHANGES IN THE Tora. ELECTROLYTE STRUCTURE OF THE PLASMA OF 
PRESERVED BLoop 


With these observed alterations in the potassium, sodium, ammonia, 
calcium, phosphorus, magnesium, and hydrogen ion concentrations, the 
status of total ionic balance in aging blood needs investigation. 

To this end, freshly drawn blood was set aside at approximately 
monthly intervals for four months. The cations were determined as in 
the previous section; and of the anions, the bicarbonate, chloride, phos- 
phate, and hydrogen ions were analyzed. The sulphates, organic acids, 
and proteins were omitted, as there is not a complete unanimity of 
opinion concerning the equivalent values to be assigned to the organic 
acid and protein components on the acid side of the equation. 

The chlorides were determined by the method of Van Slyke” and 
the carbon dioxide and oxygen by the method of Van Slyke and Neill.” 
The pH measurements were carried out by means of the glass electrode 
potentiometric method of MacInnes and Longsworth.” The bloods 
which were examined on the fifth, sixty-eighth, and one hundred seven- 
teenth days of preservation had been stored in narrow-waisted dumb- 


bell-shaped flasks which contained 50 cc. of 3.5 per cent sodium citrate 


and 450 cc. of blood. The interface diameter between the settled cells 
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Taste IX 


CHANGES IN TOTAL CATION STRUCTURE 
IN THE PLASMA OF PRESERVED BLOOD 








(Expressed in Milliequivalents per Liter) 





Normal Age in Days 


Gutman | r | DI*** 68+ | 93* | 277**+ 








142 22. 106.3 | 89.7 120.7 


5 282 | 35.0 | 292 | 28.8 


2.5 











CHANGES IN ANION COMPOSITION IN 
THE PLASMA OF PRESERVED BLOOD}#+ 


Anions 





o@ | 
a! A ; 16.6 | 11.9 | 15.4 





| 
| 
Ci’ 99.3 99.7 | 100.5 


HP,O”? ‘ 1.9 6.0 5.2 


* Commercial bottle ** Undisturbed plasma * Wide-mouth flask 
Interface 10.4 cm. * Interface 3.5 cm. Interface 8.6 cm. 


and plasma was 3.5 cm. All but one of these flasks were inverted to mix 
thoroughly the cells and plasma, before the sample was centrifuged and 
the plasma removed for analyses. The values in the last column were 
obtained from the plasma of a blood one hundred seventeen days old, 
which had not been disturbed during the entire period. The twenty-one 
day old blood was kept in a wide-mouthed flask (interface 8.6 cm.) 
while the ninety-three day old blood (column six from the left) was 
collected in a commercial bottle (interface 10.4 cm.) which contained 
7¢ cc. of 2.5 per cent sodium citrate in physiologic saline under vacuum 
of 24-26 inches of mercury. All values are corrected for dilution and 
added sodium or chloride. 

Discussion. The greatest changes are seen in the sodium and po- 
tassium ion concentration, particularly in the bottle in which the blood 


1¥ We are indebted to A. B. and E, B. Gutman for permission to use their figures for normal 
human serum. 





388 THE BULLETIN 








was collected under vacuum. 

Calcium in these bloods stored for longer periods, acted similarly 
to that in bloods stored for shorter periods and showed relatively little 
change; nor did mixing a one hundred seventeen day old blood increase 
the plasma calcium content. 

Magnesium, as the second largest constituent of the cells, might have 
been expected to show a greater outward diffusion. 

The total average number of milliequivalents in the six bloods 
amounts to 154.3 compared with the control normal value of 154.0. 

The alkali reserve of the plasma as measured by the COz combining 
power decreases with age. The chloride ion concentration decreases, but 
not to the extent of the sodium ion. The plasma chloride concentration 
of the blood which had been collected in a commercial vacuum bottle 
and which contained an additional 70 cc. of normal saline was strikingly 
low when compared with the high chloride values in the samples taken 
under atmospheric pressure without the addition of saline. 

The plasma phosphate concentration gradually increases in the blood 
with increasing age, but never as great as that of potassium. 

The pH of stored blood after mixing with the plasma varied between 
7.1 and 7.34. 

The quantity of the determined anions in these six bloods ranged 
from 100.6 to 126.9 milliequivalents per liter, with an average of ap- 
proximately 117. These figures are exclusive of the sulphate, protein 
and organic acid anions. 

Sunmary. In the plasma of bloods stored in an electric refrigerator 
thermostated at 4°C. for a period ranging from five days to four 
months, the following changes were observed: 

1. Potassium increases. 

2. Sodium decreases. 

Calcium remains practically constant. 

Magnesium shows little change. 

Bicarbonate decreases. 

Phosphate increases, particularly following agitation. 
Chlorides decrease in plasma intimately mixed with the cells: 


remain constant or slightly increased when left undisturbed. 


The total cation concentration remains constant, despite great 
variations in the plasma content of individual cations. 
The observed loss of determined anions suggested that balance 
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Effect of shaking on potassium escape from red blood cells 


ro ~ 
c=] cad 
C7 ow 


Potassium as mg. per cent 
~ 
uo 


Figure 6 


is maintained by a gradual increase in the organic acid ion com- 
ponent and a decrease in albumen. 
io. The pH changes of the whole blood after mixing are slight. 


Some Factors GOVERNING TRANSPORT OF BLoop 


In a previous report trauma to blood in the form of shaking caused 
loss of potassium from the cells and rapid laking.*” 

During the winter of 1938-1939, the blood from ninety-six volun- 
tary donors at the Mt. Sinai Hospital* was collected in mason jars con- 
taining 2.5 or 3.0 per cent sodium citrate. From these, five to six cubic 
centimeters were removed and stored in identically shaped centrifuge 
tubes. These tubes were transported at once to the Presbyterian Hos- 
pital, a distance of six miles. 

There was no gross hemolysis in these tubes containing freshly shed 
blood, whereas old blood transported at the same time in partially filled 
mason jars revealed striking hemolysis. 

At varying intervals, the blood was removed from the refrigerator and 


mixed by inverting the tube 20 times. The results are depicted in Fig. 6. 


We express our gratitude to N. Rosenthal and his staff for their coéperation in this inves- 
tigation and to the Mt. Sinai Hospital for permission. 
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Taste X 


INCREASING EFFEC? OF TRAUMA WITH INCREASING AGE OF BLOOD 





Plasma Potassium Piasma Ammonia Nitrogen 





Time in as Milligrams as Milliequivalents | as Milligrams | as Milliequivalents c 
Weeks Per Cent Per Liter | Per Cent Per Liter 
Before After Before After | fore After Before | 


25.4 26.0 6.5 6.7 09 | 0.151 | 0.064 O11 


63.1 149.2 16.1 38.2 5 0.126 | OAl 0.90 
73.6 | 172.6 18.8 14.1 0.87* 1.45* 0.62 | 1.04 


* Volume of blood, 25 cc, 
All other experiments, volume of blood, 50 cc. 


Discussion. The curve representing the diffusion of potassium in the 
unshaken blood is the same order of magnitude as previously reported 
for citrated blood.* In each instance, agitation caused both potassium 
and hemoglobin to leave the cells. During the first few days, this was 
noc as great as later. As the plasma potassium concentration approached 
that within the cells (i.e., decrease in concentration gradient) shaking 
dislodged less. 

To check these findings a controlled experiment was set up. 

Method. The blood of two voluntary donors, type A and type B, 
was drawn at weekly intervals and placed in 50 cc. colorimeter tubes 
with an internal diameter of 2 cm. containing 5 cc. of 3.5 per cent 
sodium citrate solution. 

At the end of two weeks following the drawing of the last blood, 
the previously drawn samples were removed from the refrigerator where 
they had been kept, stoppered and sealed, at a temperature of 5 to 6° C. 

A small sample of the plasma was taken from each of the six tubes for 
potassium and ammonia determinations. After this, all of the tubes were 
rotated end over end on a specially devised piece of apparatus for twenty 
minutes, centrifuged, and from each, samples were taken for potassium 
and ammonia determinations after the rotating. 

The diffusion of potassium from red blood cells to plasma follow- 
ing trauma increases rapidly with increasing age of the blood. This sug- 
gests that if transportation of blood is contemplated, it should be done 
while the blood is fresh for the damage incurred by the cells is less at 
this time than when the blood is older. 
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The effects of shaking can be greatly reduced by filling the con- 
tainer completely with blood. Duran Jorda’® employed this principle 
during the recent Spanish Civil War in which preserved blood was used 


on an extensive scale. 

It would appear, then, that in the transportation of preserved blood, 
factors which would minimize the loss of intracellular substances, such 
as: decreasing the interface between cells and plasma; obviating any 
interface between liquid and gas by filling the container completely; 
should be also considered in addition to proper refrigeration, etc. 

Summary. 1. The diffusion of intracellular substances (potassium and 
hemoglobin) is accelerated by shaking and factors which limit this 
should be employed in blood preservation. 

2. Transportation of preserved blood adequately refrigerated in 
suitable containers completely filled should be done early after shedding. 


PLASMA 


These studies indicate that degenerative changes occur as soon as 
blood leaves the vascular system, and progress with age. The large 
changes in the electrolyte composition might indicate its unsuitableness 
in those pathological states which are known to be associated with dis- 
turbances in the mineral metabolism, such as dehydration,** ** adrenal 
insuficiency,* ** and traumatic and hemorrhagic shock.***° Should 
large amounts of old blood be given rapidly in these conditions, dan- 
gerous sequelae might ensue. 

Since the work of Bowditch” in 1871, increasing attention has been 
directed to both serum and plasma as possible substitutes for whole blood 
transfusion.?» 4 7 

Amberson“ in his review on this subject has pointed out some of the 
advantages of plasma. 

Using the electrophoretic method of Tiselius,** as modified by 
Longsworth,**-*° the stability of the various protein components in 
plasma has been investigated.** These observations confirmed the previ- 
ous work of Knoll*' who reported a decrease in albumin, a change in 
the albumin-globulin ratio, and an increase in gamma globulin. 

To ascertain more exactly the magnitude of these alterations, blood 
was drawn from a single donor at varying intervals, and the plasma sepa- 
rated from the cells on the same day. 

These values indicate a decrease in the albumin and a shift in the 
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albumin-globulin ratio, accompanied by an increase in gamma globulin 
in the supernatant plasma of stored blood. 

In order to compare two common methods of desiccating plasma, 
blood was drawn from the same individual and the plasma of one portion 
was dried under vacuum from the frozen state, while the second por- 
tion was dried at body temperature as has been suggested by Edwards, 
Kay, and Davie. Electrophoretic patterns of the former gave a sharper 
picture than the one derived from the latter, indicating that the plasma 
reconstituted from the frozen state appears to be more normal.” 

Electrophoretic studies on liquid plasma preserved for five weeks, 
and in one instance for a year, showed evidence of some alterations, 
particularly in the beta globulin region. 


PRACTICAL CONSIDERATIONS 


Healthy donors, free from communicable diseases, are to be chosen. 
Bluod obtained from cadavers is to be rejected, both on account of 
marked electrolytic changes and degradation products.” *° 

In the collection of blood, strict surgical asepsis is to be observed. 
Cleansing the skin is the most important step on account of the danger 
of contamination. The skin of the antecubital fossa should be scrubbed 
with soap for two minutes. This is removed with 70 per cent alcohol. 
Three and a half per cent tincture of iodine is painted over the area and 
allowed to dry. 

Venipuncture. Prior to the venipuncture, the skin is again swabbed 
with 70 per cent ethyl alcohol. A wheal is raised over the selected vein 
by injecting 1 per cent novocain, in the center of which a small nick is 
made by using a number eleven blade. A large needle of number thir- 
teen or fifteen gauge is used for the phlebotomy. 

The blood is collected by the closed system. This is superior to an 
open one for not only are chance contaminations decreased but also 
the loss of COz is lessened. The keeping qualities of blood are further 
enhanced by its collection in an atmosphere of carbon dioxide. 

As chemical changes are a function of temperature, the nearer zero 
the blood is stored, the slower will be these changes. Freezing is to be 
avoided as it causes rupture of the red cells. As chemical reactions are 
also a function of the surface area, it is natural that blood kept in spe- 
cially designed bottles in which the interface between the plasma and the 
cells is small, will enhance its keeping qualities. 
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Figure 7—Electrephoretic patterns of preserved 
plasma from same donor. Four blood samples 
taken at different times; collected in 35 per 
cent sodium citrate and stored in four tubes in 
electric refrigerator at 4° C. Type A_ blood. 


In the preparation of plasma, either the settling or the centrifuge 
method may be employed. With the latter, a bottle capable of contain- 
ing the whole donation of blood (500 cc. in one bottle) is ideal for two 
reasons: 1) this halves the chance of contamination, and 2) the yield of 
plasma is greater. (Number three International General Electric cen- 
trifuge bottle—62 per cent citrated plasma yield vs. 46 per cent yield 
by settling seventy-two hours in a dumbbell shaped flask.) 

{n the removal of plasma, the procedure should be carried out in 
a dustproof, air-conditioned room, the air of which has been sterilized 
by ultraviolet light radiation. This will prevent possible airborne con- 
taminants that have been found in plasma. The removal of the plasma 
should be carried out in a cabinet, thus minimizing further chance of 
infection. 

Pooling and culture. The plasma from six to eight donor bottles is 
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siphoned off by suction and pooled in a two-liter flask. Cultures, both 
aerobic and anaerobic, are taken. 

Final container. The plasma is not considered suitable for final pro- 
cessing until a two-week negative report has been received. The pool 
is then broken down into the final containers, 500 cc. of plasma may be 
mixed with 500 cc. of saline. The last portion of the pool is collected 
in a pilot bottle so that the concentration of the plasma mixed with saline 
is similar to that of the larger bottles. This material serves as a test on 
the sterility of the final container as well as furnishing another check 
on the sterility of the plasma. 

Filtration: The safety of the plasma is enhanced if it has been passed 
through a clarifying and sterilizing filter. This step may be carried out 
after the initial pooling in a Seitz filter. 

Dried Plasma: As proteins are more stable in a dried state, the keep- 
ing qualities of the plasma may be enhanced if it is reduced to such a 
condition by a suitable lyophile process. The dried plasma can then 
be dispensed in glass sealed ampoules. 

Use: Dried plasma is turned into the liquid state by the addition of 
distilled water. It may be reconstituted in either an isotonic or hyper- 
tonic form, depending upon the amount of diluent added. 

One abnormality, however, of such plasma is its extreme alkalinity. 
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IN MEMORIAM 


Sir FrRepericK GRANT BANTING 


The tragic death of Sir Frederick Grant 
Banting in an aeroplane accident in New- 
foundland while on an important mission 
to England came as a profound shock to 


hundreds of thousands who are living to 
day only because of the brilliant researches 


of this benefactor of mankind. His death, 
while engaged in active service “in line of 
duty,” should be recorded as one of the 
major individual casualties of the present 
war. He was fifty years of age. 

He is best known for his successful iso- 
lation of insulin, the internal secretion of 
the pancreas. This epoch making discovery 
was made in 1921 in his thirtieth year. The 
story of his success is a saga of individual 
determination, resourcefulness and _ single- 
ness of purpose against overwhelming odds. 
Internationally famous professors with the 
facilities of well equipped laboratories at 
hand had been engaged unsuccessfuily for 
two generations in an attempt to isolate the 
controlled the 
tion of glucose in the blood. 


In the presence of such a record the or- 


substance which concentra- 


dinary person without equipment, money or 
special training would have abandoned the 
attempt to solve a problem which had _ re- 
sisted the efforts of so distinguished a group 
of scientists. But voung Frederick Grant 
He 


was a young man possessed of an idea, a 


Banting was not an ordinary person. 


dreamer of dreams. 

Such young men are capable of acting as 
powerful catalysts in the progress of the hu- 
man race. Such was the effect of Ban- 
ting’s discovery of insulin. It aroused a 
new interest in the study of the glands of 
internal secretion which has revolutionized 
our conception of their function. And the 
end is not yet in sight. 

The story of young Banting’s life should 
be required reading for all young medical 


students who begin their professional career 
without the benefit of wealth, influence or 
special training. He was born in 1891 in 
Alliston, Ontario, a typical Canadian small 
town. He received his elementary and high 
school education in that town. From Allis- 
ton he entered the University of ‘Toronto 
where he received his M.D. degree. He be- 
gan the practice of medicine, preferably 
surgery, in London, Ontario. ‘lo eke out 
expenses he accepted a part time position 
as Assistant in Physiology at Western Uni- 
Here he became 
of the 


versity, London, Ontario. 


interested in the internal secretion 
pancreas. 

He read everything he could find on the 
early experimental work. Several men had 
barely missed isolating insulin. The 


liminary work had been done in laboratories 


pre- 


here and abroad. The necessary experi- 
mental data were in existence. All that was 
lacking was a mind steeped in the litera- 
ture, engrossed with the problem and afire 
enthusiasm that surmount 
Young Banting fitted ideally 
into the fertile soil of 


his mind, prepared by weeks of study and 


with an would 
all obstacles. 


this situation. In 


thought, the existing facts assumed their 
proper relation to one another, and the 
synthesis occurred—a method for extracting 
the internal secretion of the pancreas. 

The Idea 
was to apply the method. 


was born. The problem now 
Would it work? 
This required elaborate laboratory equip- 
ment, experimental animals, trained assist- 
ants. How was a struggling practitioner, 
part-time clinical assistant, to obtain these? 
A lesser person would have been deterred 
by these formidable obstacles, but not Bant- 
ing. It may be that he remembered that 
other young man who under similar cir- 
cumstances was advised to go and “sell all 
that he had” in order to achieve his goal. 
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It may be recalled that the other young 
man failed to follow the advice, and was 
heard of no more. But to young Banting, 
the Idea was more than wealth or posses- 
sions. He sold his office equipment, gave 
up his practice and entered upon the work 
that was to lead him to a knighthood be- 
stowed upon him by his King. 

As a direct consequence of this work, in- 
sulin is now available throughout the world 
for the control of diabetes and the saving 
of uncounted lives for normal and useful 
living. Also, as a result of this discovery, 
young Banting might have retained posses- 
sion of his method and have become fabu- 
lously wealthy. But he was not tempted 
by riches. He desired to perfect the early 
crude insulin and to assure its availability 
to anyone, rich or poor, who needed it. 

To this end his method of extraction was 
patented. All patent rights were then 
awarded to the University of Toronto. The 
University authorities created The Bant- 
ing Research Foundation to receive all funds 
resulting from the sale of The 
following quotations are taken from the ori- 
ginal announcement of the establishment of 


insulin. 


the Foundation. 


“The purposes of the Banting Research 
Foundation have been specifically defined 


to be: 

a. To supplement the sum at present 
available, in the University of Toron- 
to, for the support of the Banting 
and Best Chair of Medical Research. 

. To establish a fund for the adequate 
financial support of such _ scientific 
workers as may have proposed defi- 
nite problems of medical research, 

and for whom funds are not avail- 
able. Such assistance may be given 


to persons working in the University 
of Toronto or elsewhere.” 

Dr. Banting has received appropriate ree- 

ognition from the Government of the Do- 

minion of Canada (in the form of an 
annuity); from the Province of Ontario 
through the Governors of the University 
of Toronto (in the creation of the Ban- 
ting and Best Chair of Medical Research, 
to which Dr. Banting has been appointed) 
and in the award of the Nobel Prize in 

Medicine for 1923 (with Professor J. J. 

R. MacLeod).” 

Thus was created The Banting Research 
Foundation which is but “the lengthening 
shadow of a man.” But Doctor Banting’s 
greatest memorial will be the thousands of 
diabetics who survive because of his work. 

Doctor Banting served in the Medical 
Corps in France in 1915-1919, and was 
wounded at Cambrai. Since 1923 he had 
served as Professor of Medical Research in 
the University of ‘Toronto. 

Although one of his outstanding traits 
was modesty, he was showered with honors 
such as few men at fifty years of age have 
achieved. He received the Nobel prize for 
distinguished scientific achievement in 1923. 
He was made a F.R.C.S. in 1930; F-.R.S. in 
1935; F.R.C.P. in 1936; D.Se. (McGill) in 
1939. He was knighted in 1934. The New 
York Academy of Medicine honored itself 
by conferring on Doctor Banting an Hon- 
orary Fellowship in 1933. He received many 
other honors from universities and distin- 
guished scientific groups here and abroad. 
Truly it may be said of Sir Frederick Grant 
Banting, “He was a man, take him for all 
in all,” we, “shall not look upon his like 
again.” 

James Rapin Scorr. 





